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System 


Sections 
2 
through 
5 describe 
in 
detail 
the 
func- 
tional characteristics 
of the 8748H and 8749H EPROM, 
8048AH/8049AH/8050AH 
ROM, 
and 
8035AHL! 
8039AHU8040-AHL 
CPU only single component 
micro- 
computers. 
Unless 
otherwise 
noted, 
details 
within 
these 
sections 
apply to all versions. 
This chapter 
is limited to 
those functions 
useful in single-chip 
implementations 
of 
the MCS@-48. The Chapter 
on the Expanded 
MCS@-48 
System 
discusses 
functions 
which 
allow 
expansion 
of 
program 
memory, 
data memory, 
and input output 
capa- 
bility. 


2.0 
ARCHITECTURE 


The following 
sections 
break 
the MCS-48 
Family 
into 
functional 
blocks and describe each in detail. The follow- 
ing description 
will use the 8048AH 
as the representative 
product 
for the family. 
See Figure 
I. 


The arithmetic 
section of the processor 
contains the basic 
data manipulation 
functions 
of the 8048AH 
and can be 
divided 
into the following 
blocks: 


In a typical 
operation 
data stored 
in the accumulator 
is 
combined 
in the ALU with data from another 
source on 
the internal 
bus (such as a register 
or I/o port) and the 
result is stored in the accumulator 
or another register. 


The following 
is more detailed description 
of the function 
of each block. 


The operation 
code 
(op code) 
portion 
of each program 
instruction 
is stored in the Instruction 
Decoder 
and con- 
verted to outputs 
which control 
the function 
of each of 
the blocks of the Arithmetic 
Section. 
These lines control 
the source of data and the destination 
register 
as well as 
the function 
performed 
in the ALU. 


The ALU accepts 8-bit data words from one or two sources 
and generates 
an 8-bit result under control of the Instruc- 
tion 
Decoder. 
The 
ALU 
can 
perform 
the 
following 
functions: 


• 
Add With or Without 
Carry 
• 
AND, OR, Exclusive 
OR 
• 
Increment/Decrement 
• 
Bit Complement 
• 
Rotate Left, Right 
• 
Swap Nibbles 
• 
BCD Decimal 
Adjust 


If the operation 
performed 
by the ALU results in a value 
represented 
by more than 8 bits (overflow 
of most sig- 
nificant 
bit), 
a Carry 
Flag is set in the Program 
Status 
Word. 


The accumulator 
is the single most important 
data register 
in the processor, 
being one of the sources of input to the 
ALU and often the destination 
of the result of operations 
performed 
in the ALU. 
Data to and from 110 ports and 
memory 
also normally 
passes through 
the accumulator. 


Resident program memory consists of 1024, 2048, or 4096 
words eight bits wide which are addressed 
by the program 
counter. 
In the 8748H and the 8749H this memory 
is user 
programmable 
and 
erasable 
EPROM; 
in the 
8048AH/ 


8049AH!8050AH 
the memory 
is ROM 
which 
is mask 
programmable 
at the factory. 
The 8035AHU8039AHU 
8040AHL 
has no internal 
program 
memory 
and is used 
with external 
memory 
devices. 
Program 
code 
is com- 
pletely 
interchangeable 
among 
the various 
versions. 
To 
access the upper 2K of program 
memory 
in the 8050AH, 
and other MCS-48 
devices, 
a select memory 
bank and a 
JUMP or CALL instruction 
must be executed 
to cross the 
2K boundary. 


There are three locations 
in Program 
Memory 
of special 
importance 
as shown 
in Figure 
2. 


LOCATION 
0 
Activating 
the Reset line of the processor 
causes the first 
instruction 
to be fetched from location 
O. 


LOCATION 
3 
Activating 
the Interrupt 
input 
line of the processor 
(if 
interrupt 
is enabled) 
causes 
a jump 
to subroutine 
at lo- 
cation 3. 


LOCATION 
7 
A timer/counter 
interrupt 
resulting 
from 
timer 
counter 
overflow (if enabled) 
causes a jump to subroutine 
at loca- 
tion 7. 


Therefore, 
the first instruction 
to be executed 
after ini- 
tialization 
is stored 
in location 
0, the first word 
of an 
external 
interrupt 
service 
subroutine 
is stored in location 
3, and the first word of a timer/counter 
service 
routines 
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READ 
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is stored in location 7. Program memory can be used to 
store constants as well as program instructions, Instruc- 
tions such as MOVP and MOVP3 allow easy access to 
data "lookup" tables. 
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ADDRESS 


LOCATION 
7- 
TIMER 
INTERRUPT 
VECTORS 
PROGRAM 
HERE 


LOCATION 
3- 
EXTERNAL 
INTERRUPT 
VECTORS 
PROGRAM 
HERE 


RESET 
VECTORS 
PROGRAM 
HERE 


Resident data memory is organized as 64, 128, or 256 by 
8-bits wide in the 8048AH, 8049AH and 8050AH. All 
locations are indirectly addressable through either of two 
RAM Pointer Registers which reside at address 0 and I 
of the register array. In addition, as shown in Figure 3, 
the first 8 locations (0-7) of the array are designated as 
working registers and are directly addressable by several 
instructions, Since these registers are more easily ad- 
dressed, they are usually used to store frequently accessed 
intermediate results. The DJNZ instruction makes very 
efficient use of the working registers as program loop 
counters by allowing the programmer to decrement and 
test the register in a single instruct-ion. 


By executing a Register Bank Switch instruction (SEL 
RB) RAM locations 24-31 are designated as the working 


registers in place of locations 0-7 and are then directly 
addressable. T"is second bank of working registers may 
be used as an extension of the first bank or reserved for 
use during interrupt service subroutines allowing the reg- 
isters of Bank 0 used in the main program to be instantly 
"saved" by a Bank Switch. Note that if this second bank 
is not used, locations 24-31 are still addressable as general 
purpose RAM. Since the two RAM pointer Registers RO 
and RI are a part of the working register array, bank 
switching effectively creates two more pointer registers 
(ROlandRII) which can be used with ROand RI to easily 
access up to four separate working areas in RAM at one 
time. RAM locations (8-23) also serve a dual role in that 
they contain the program counter stack as explained in 
Section 2.6. These locations are addressed by the Stack 
Pointer during subroutine calls as well as by RAM Pointer 
Registers ROand RI, If the level of subroutine nesting is 
less than 8, all stack registers are not required and can be 
used as general purpose RAM locations. Each level of 
subroutine nesting not used provides the user with two 
additional RAM locations. 
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The 8048AH 
has 27 lines which can be used for input or 
output functions. 
These lines are grouped 
as 3 ports of 8 
lines each which 
serve as either 
inputs, 
outputs 
or bidi- 
rectional 
ports and 3 "test" 
inputs which can alter pro- 
gram 
sequences 
when 
tested 
by conditional 
jump 
instructions. 


Ports 
I and 2 are each 
8 bits wide and have 
identical 
characteristics. 
Data 
written 
to these 
ports 
is statically 
latched 
and remains 
unchanged 
until rewritten. 
As input 
ports these 
lines are non-latching, 
i.e., 
inputs 
must be 
present until read by an input instruction. 
Inputs are fully 
TTL compatible 
and outputs will drive one standard TTL 
load. 


The lines of ports 
I and 2 are called quasi-bidirectional 
because of a special output circuit structure 
which allows 
each line to serve as an input, 
and output, 
or both even 
though 
outputs 
are statically 
latched. 
Figure 
4 shows 
the circuit 
configuration 
in detail. 
Each line is continu- 
ously 
pulled 
up to VCC through 
a resistive 
device 
of 
relatively 
high impedance. 


This pullup is sufficient 
to provide 
the source current 
for 
a TTL high level yet can be pulled low by a standard TTL 
gate thus allowing 
the same pin to be used for both input 
and output. 
To provide 
fast switching 
times in a "0" 
to 
"I" 
transition 
a relatively 
low 
impedance 
device 
is 
switched in momentarily 
(= 1/5 of a machine cycle) when- 
ever a "I" 
is written to the line. When a "0" 
is written 
to the line a low impedance 
device 
overcomes 
the light 
pullup and provides TTL current sinking capability. 
Since 
the pulldown 
transistor 
is a low impedance 
device a "I" 
must first be written to any line which is to be used as an 
input. Reset initializes 
all lines to the high impedance" 
I " 
state. 


It is important 
to note that the ORL and the ANL are read! 
write operations. 
When 
executed, 
the /LC "reads" 
the 
port, modifies 
the data according 
to the instruction, 
then 


"writes" 
the data back to the port. The "writing" 
(es- 
sentially an OUTL instruction) 
enables the low impedance 
pull-up momentarily 
again even if the data was unchanged 
from a "1." 
This specifically 
applies 
to configurations 
that have inputs and outputs 
mixed together 
on the same 
port. See also section 8 in the Expanded 
MCS-48 System 
chapter. 


BUS 


Bus is also an 8-bit port which is a true bidirectional 
port 
with associated 
input and output 
strobes. 
If the bidirec- 
tional 
feature 
is not needed, 
Bus can serve 
as either 
a 


statically 
latched 
output 
port or non-latching 
input port. 
Input 
and 
output 
lines 
on 
this 
port 
cannot 
be 
mixed 
however. 


As a static port, data is written and latched using the OUTL 
instruction 
and inputted 
using 
the INS instruction. 
The 
INS and OUTL 
instructions 
generate 
pulses on the cor- 
responding 
RD and WR output strobe lines; however, 
in 
the static port mode they are generally 
not used. 
As a 
bidirectional 
port the MOVX instructions 
are used to read 
and write the port. A write to the port generates 
a pulse 
on the WR out~ 
line and output 
data 
is valid 
at the 
trailjng edge of WR. A read of the port generates 
a pulse 
on the RD output line and input data must be valid at the 
trailing edge of RD. When not being written or read, the 
BUS lines are in a high impedance 
state. See also sections 
7 and 
8 in the Expanded 
MCS-48 
System 
chapter. 


2.5 
Test and INT Inputs 


Three pins serve as inputs and are testable 
with the con- 
ditional 
jump 
instruction. 
These 
are TO, Tl, 
and INT. 


These pins allow inputs to cause program branches without 
the necessity 
to load an input port into the accumulator. 
The TO, Tl, 
and INT pins have other possible 
functions 
as well. See the pin description 
in Section 
3. 


2.6 Program Counter 
and Stack 


The Program Counter is an independent 
counter while the 
Program Counter Stack is implemented 
suing pairs of reg- 
isters in the Data Memory 
Array. Only 10, II, or 12 bits 
of the Program 
Counter 
are used 
to address 
the 
1024, 
2048, or 4096 words of on-board 
program 
memory of the 
8048AH, 
8049AH, 
or 8050AH, 
while the most significant 
bits can be used for external 
Program 
Memory 
fetches. 
See Figure 
5. The 
Program 
Counter 
is initialized 
to 
zero by activating 
the Reset line. 


Conventional 
Program 
Counter 
• 
Counts 
OOOH to 7FFH 
• 
Overflows 
7FFH 
to OOOH 


An interrupt or CALL to a subroutine 
causes the contents 
of the program counter to be stored in one of the 8 register 
pairs of the Program 
Counter 
Stack as shown 
in Figure 
6. The pair 
to be used is determined 
by a 3-bit Stack 
Pointer which is part of the Program 
Status Word (PSW). 


TER 
•-~·· 
~ 
. 


-..-·-.- 
•·: 


T· 
--.-·•-: 


. ~ 


PSW 
· 
PCS-11 
· 
PC4-7 
: 
PCO-3 


POIN 


111 


Data RAM locations 8-23 are available as stack registers 
and are used to store the Program Counter and 4 bits of 
PSW as shown in Figure 6. The Stack Pointer .when 
initialized to 000 points to RAM locations 8 and 9. The 
first subroutine jump or interrupt results in the program 
counter contents being transferred to locations 8 and 9 of 
the RAM array. The stack pointer is then incremented by 
one to point to locations 10 and 11 in anticipation of 
another CALL. Nesting of subroutines wihtin subroutines 
can continue up to 8 times without overflowing the stack. 
If overflow does occur the deepest address stored (loca- 
tions 8 and 9) will be overwritten and lost since the stack 
pointer overflows from III to 000. It also underflowsfrom 
000 to Ill. 


The end of a subroutine, which is signalled by a return 
instruction (RET or RETR), causes the Stack Pointer to 
be decremented and the contents of the resulting register 
pair to be transferred to the Program Counter. 


An 8-bit status word which can be loaded to and from the 
accumulator 
exists called the Program Status Word 
(PSW). Figure 7 shows the information 
available in 


the word. The Program Status Word is actually a collection 
of flip-flopsthroughout the machine which can be read or 
written as a whole. The ability to write to PSW allows 
for easy restoration of machine status after a power down 
sequence. 


CY 
CARRY 
AC 
AUXILIARY 
CARRY 
FO 
FLAG 
0 
BS 
REGISTER 
BANK 
SELECT 


The upper four bits of PSW are stored in the Program 
Counter Stack with every call to subroutine or interrupt 
vector and are optionally restored upon return with the 
RETR instruction. The RET return instruction does not 
update PSW. 


Not used ("I" 
level when read) 


Working Register Bank Switch Bit (BS) 
o = Bank 0 
1 = Bank 1 


Hag 0 bit (FO)user controlled flag which can 
be complemented or cleared, and tested with 
the conditional jump instruction JFO. 


Auxiliary Carry (AC) carry bit generated by 
an ADD instruction and used by the decimal 
adjust instruction DA A. 


Carry (CY) carry flag which indicates that the 
previous operation has resulted in overflow of 
the accumulator. 


The conditional branch logic within the processsor enables 
several conditions internal and external to the processor 
to be tested by the users program. By using the conditional 
jump instruction the conditions that are listed in Table 
1 can effect a change in the sequence of the program 
execution. 


Jump Conditions 
Device Testable 
(Jum 
On) 


not all 
Accumulator 
All zeros 
zeros 
Accumulator Bit 
- 
I 
Carry Flag 
0 
I 
User Flags (FO, FI) 
- 
I 
Timer Overflow Flag 
- 
I 
Test Inputs (TO,-.!.!) 
0 
I 
Interrupt Input (INT) 
0 
- 


An interrupt sequence is initiated by applying a low "0" 
level input to the INT pin. Interrupt is level triggered and 
active low to allow "WIRE ORing" of several interrupt 
sources at the input pin. Figure 8 shows the interrupt 
logic of the 8048AH. The Interrupt line is sampled every 
instruction cycle and when detected causes a "call to 
subroutine" at location 3 in program memory as soon as 
all cycles of the current instruction are complete. On 2- 
cycle instructions the interrupt line is sampled on the 2nd 
cycle only. INT must be held low for at least 3 machine 
cycles to ensure proper interrupt operations. As in any 
CALL to subroutine, the Program Counter and Program 
Status word are saved in the stack. For a description of 
this operation see the previous section, Program Counter 
and Stack. Program Memory location 3 usually contains 
an unconditional jump to an interrupt service subroutine 
elsewhere in program memory. The end of an interrupt 
service subroutine is signalled by the execution of a Return 
and Restore Status instruction RETR. The interrupt system 
is single level in that once an interrupt is detected all 
further interrupt requests are ignored until execution of an 
RETR reenables the interrupt input logic. This occurs at 
the beginning of the second cycle of the RETR instruction. 
This sequence holds true also for an internal interrupt 
generated by timer overflow. If an internal timer/counter 
generated interrupt and an external interrupt are detected 
at the same time, the external source will be recognized. 
See the following Timer/Counter section for a·description 
of timer interrupt. If needed, a second external interrupt 
can be created by enabling the timer/counter interrupt, 
loading FFH in the Counter (ones less than terminal 
count), and enabling the event counter mode. A "I" 
to 
"0" transition on the T! input will then cause an interrupt 
vector to location 7. 


The interrupt input may be enabled or disabled under 
Program Control using the EN I and DIS I instructions. 
Interrupts are disabled by Reset and remain so until en- 


abled by the users program. An interrupt request must be 
removed before the RETR instruction is executed upon 
return from the service routine otherwise the processor 
will re-enter the service routine immediately. Many pe- 
ripheral devices prevent this situation by resetting their 
interrupt request line whenever the processor accesses 
(Reads or Writes) the peripherals data buffer register. If 
the interrupting device does not require access by the 
processor, one output line of the 8048AH may be des- 
ignated as an "interrupt acknowledge" which is activated 
by the service subroutine to reset the interrupt request. 
The INT pin may also be tested using the conditional jump 
instruction JNI. This instruction may be used to detect the 
presence of a pending interrupt before interrupts are en- 
abled. If interrupt is left disabled, INT may be used as 
another test input like TOand Tl. 


The 8048AH contains a counter to aid the user in counting 
external events and generating accurate time delays with- 
out placing a burden on the processor for these functions. 
In both modes the counter operation is the same, the only 
difference being the source of the input to the counter. 
The timer/event counter is shown in Figure 9. 


The 8-bit binary counter is presettable and readable with 
two MOV instructions which transfer the contents of the 
accumulator to the counter and vice versa. The counter 
content may be affected by Reset and should be initialized 
by software. The counter is stopped by a Reset or STOP 
TCNT instruction and remains stopped until started as a 
timer by a START T instruction or as an event counter 
by a START CNT instruction. Once started the counter 
will increment to this maximum count (FF) and overflow 
to zero continuing its count until stopped by a STOP TCNT 
instruction or Reset. 


The increment from maximum count to zero (overflow) 
results in the setting of an overflow flag flip-flop and in 
the generation of an interrupt request. The state of the 
overflow flag is testable with the conditional jump instruc- 
tion JTF. The flag is reset by executing a JTF or by Reset. 
The interrupt request is stored in a latch and then ORed 
with the external interrupt input INT. The timer interrupt 
may be enabled or disabled independently of external in- 
terrupt by the EN TCNT! and DIS TCNT! instructions. 
If enabled, the counter overflow will cause a subroutine 
call to location 7 where the timer or counter service routine 
may be stored. 


If timer and external interrupts occur simultaneously, the 
external source will be recognized and the Call will be to 


JTF 
EXECUTED 


RESET 


TIMER 
INT 
RECOGNIZED 
EXECUTED 


DISTCNTI 
EXECUTED 


RESET 


ALE 
LAST 
CYCLE 
OFINST. 


EN I 
EXECUTED 


DISI 
EXECUTED 
RESET 


TIMER 
OVERFLOW 
FF 


S 
a 


TIMER 
INT 
ENABLE 


R 
a 


0 


INT 
FF 


Q 
CLK 


S 
a 


INT 
ENABLE 


R 


INTERRUPT 
CALL 
EXECUTED 


CLR 
EXTERNAL 
o 
a 
INTERRUPT 
RECOGNIZED 


S 
a 


INTERRUPT 
IN 
PROGRESS 
FF 


RESET 


RETR 
EXECUTED 


TIMER 
INTERRUPT 
RECOGNIZED 


1. WHEN 
INTERRUPT 
IN PROGRESS 
FLIP-FLOP 
IS SET 
ALL 
FURTHER 
INTERRUPTS 
ARE 
LOCKED 
OUT 
INDEPENDENT 
OF STATE 
OF EITHER 
INTERRUPT 
ENABLE 
FLIP-FLOP. 


2. WHILE 
TIMER 
INTERRUPTS 
ARE DISABLED 
TIMER 
OVERFLOW 
tit WILL 
NOT 
STORE 
ANY 
OVERFLOW 
THAT 
OCCURS. 
TIMER 
FLAG 
WILL BE SET, HOWEVER. 


location 
3. Since the timer interrupt 
is latched it will re- 
main pending 
until the external 
device 
is serviced 
and 
immediately 
be recognized 
upon return from the service 
routine. 
The pending 
timer interrupt 
is reset by the Call 
to location 
7 or may be removed 
by executing 
a DIS 
TCNTl 
instruction. 


Execution 
of a START 
CNT instruction 
connects 
the Tl 
input pin to the counter 
input and enables 
the counter. 
The Tl input is sampled 
at the beginning 
of state 3 or in 
later MCS-48 
devices in state time 4. Subsequent 
high to 
low transitions 
on Tl will cause the counter to increment. 


Tl must be held low for at least I machine cycle to insure 
it won't 
be missed. 
The 
maximum 
rate at which 
the 
counter 
may be incremented 
is once per three instruction 
cycles (every 5.7 IJ.sec when using an 8 MHz crystal)- 
there 
is no minimum 
frequency. 
Tl 
input must remain 
high for at least 1/5 machine 
cycle after each transition. 


Eexcution 
of a START T instruction 
connects 
an internal 
clock to the counter 
input and enables 
the counter. 
The 
internal clock is derived bypassing the basic machine cycle 
clock 
through 
a -;-32 prescaler. 
The prescaler 
is reset 
during the START 
T instruction. 
The resulting 
clock in- 
crements 
the counter 
every 32 machine 
cycles. 
Various 
delays from I to 256 counts can be obtained 
by presetting 
the counter and detecting overflow. 
Times longer than 256 
counts may be achieved 
by accumulating 
multiple 
over- 
flows in a register 
under software 
control. 
For time res- 


olution less than I count an external clock can be applied 
to the Tl 
input 
and the counter 
operated 
in the event 
counter 
mode. 
ALE divided 
by 3 or more can serve as 
this external 
clock. 
Very small delays 
or "fine 
tuning" 
of larger delays can be easily accomplished 
by software 
delay loops. 


Often a serial link is desirable 
in an MCS-48 family mem- 
ber. Thble 2 lists the timer 
counts 
and 
cycles needed 
for a specific baud rate given a crystal frequency. 


2.11 Clock and Timing 
Circuits 


Timing generation 
for the 8048AH 
is completely 
selfcon- 
tained with the exeception 
of a frequency 
reference 
which 
can be XTAL, ceramic resonator, 
or external clock source. 


The Clock and Timing 
circuitry 
can be divided 
into the 
following 
functional 
blocks. 


The on-board 
oscillator 
is a high gain parallel 
resonant 
circuit 
with a frequency 
range of I to II MHz. 
The X I 
external 
pin is the input to the amplifier 
stage while X2 
is the output. 
A crystal 
or ceramic 
resonator 
connected 
between X I and X2 provides the feedback 
and phase shift 
required for oscillation. 
If an accurate frequency 
reference 
is not required, 
ceramic 
resonator 
may be used in place 
of the crystal. 


For accurate 
clocking, 
a crystal 
should be used. 
An ex- 
ternally 
generated 
clock may also be applied 
to XI-X2 
as the frequency 
source. 
See the data 
sheet 
for more 
information. 


Frequency 
Tcy 
TO Prr(1/5 Tcy) 
Timer 
Pre.caler 
(MHz) 
(32 TCY) 


4 
3.75/Ls 
750ns 
-_.. 
120iLS 
6 
2.50/Ls 
500ns 
80iLS 
8 
1.88/Ls 
375ns 
60.2iLS 
11 
1.36iLS 
275ns 
43.5iLS 


Baud 
4 MHz 
6 MHz 
8 MHz 
11 MHz 
Rate 
Timer Counts 
+ 
Timer Counts + 
Timer Counts + 
Timer Counts 
+ 


)nstr. Cycles 
Instr. Cycles 
Instr. Cycles 
Instr. Cycles 


110 
75 + 24 Cycles 
113 + 20 Cycles 
151 + 3 Cycles 
208 + 28 Cycles 


.01% Error 
.01% Error 
.01% Error 
.01% Error 


300 
27 + 24 Cycles 
41 + 21 Cycles 
55 + 13 Cycles 
76 + 18 Cycles 


.1% Error 
.03% Error 
.01% Error 
.04% Error 


1200 
6 + 30 Cycles 
10 + 13 Cycles 
12 + 27 Cycles 
19 + 4 Cycles 


.1% Error 
.1% Error 
.06% Error 
.12% Error 


1800 
4 + 20 Cycles 
6 + 30 Cycles 
9 + 7 Cycles 
12 + 24 Cycles 


.1% Error 
.1% Error 
.17% Error 
.12% Error 


2400 
3 + 15 Cycles 
5 + 6 Cycles 
6 + 24 Cycles 
9 + 18 Cycles 
.1% Error 
.4% Error 
.29% Error 
.12% Error 


4800 
1 + 23 Cycles 
2 + 19 Cycles 
3 + 14 Cycles 
4 + 25 Cycles 
1.0% Error 
.4% Error 
.74% Error 
.12% Error 


The output 
of the oscillator 
is divided 
by 3 in the State 
Counter to create a clock which defines the state times of 
the machine 
(CLK). 
CLK can be made available 
on the 
external pin TO by executing 
an ENTO CLK instruction. 


The output 
of CLK 
on TO is disabled 
by Reset of the 
processor. 


CLK is then divided 
by 5 in the Cycle Counter 
to pro- 


vide a clock 
which 
defines 
a machine 
cycle consisting 
of 5 machine 
states 
as shown 
in Figure 
10. Figure 
11 
shows the different 
internal 
operations 
as divided 
into 
the machine 
states. 
This clock 
is called 
Address 
Latch 
Enable 
(ALE) 
because 
of its function 
in MCS-48 
sys- 
tems with external 
memory. 
It is provided 
continuous- 
ly on the ALE 
output 
pin. 


The reset input provides 
a means for initialization 
for the 
processor. 
This Schmitt-trigger 
input has an internal pull- 
up device which in combination 
with an external 
I /L fd 
capacitor 
provides 
an internal 
reset 
pulse 
of sufficient 
length to guarantee 
all circuitry is reset. as shown in Figure 
12. If the reset pulse is generated 
externally 
the RESET 
pin must be held low for at least 10 milliseconds 
after the 


power supply is within tolerance. Only 5 machine 
cycles 


(6.8 
/LS @ II MHz) are required 
if power 
is already on 
and the oscillator 
has stabilized. 
ALE and PSEN (if EA 
= I) are active while in Reset. 


5) Sets BUS to high impedance 
state (except when 
EA = 5V). 


+3 
5TATE 
COUNTER 


'::r5~~ 
DECODE 


INC. 
PC 


5TATE 
TIME: 


52 I 
53 I 
54 
I 
55 
I 
51 
I 
52 
I 
53 
I 
54 


(02)"TO 


half of Port 2. The user can therefore 
follow the program 
through each of the instruction 
steps. 
A timing diagram, 
showing 
the interaction 
between 
output 
ALE and input 
55, 
is shown. 
The BUS buffer 
contents 
are lost during 
single step; however, 
a latch may be added to reestablish 
the lost 110 capability if needed. Data is valid at the leading 
edge of ALE. 


This 
feature, 
as pictured 
in Figure 
13, provides 
the 
user with a debug capability 
in that the processor 
can be 
stepped 
through 
the program 
one instruction 
at a time. 


While stopped, 
the address 
of the next instruction 
to be 
fetched 
is available 
concurrently 
on BUS and the lower 


"TI 
cO 
c:i~:" 


011 
Cl 


"'"~X 
CD 
~ 
Cl 


"'" 
~ 
ID:a-x 
5' 
III-.. 
c:n-0- 
;:, 
~ 
3" 
S- 
COcii 
CO; 
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CYCLE 1 
CYCLE 2 


INSTRUCTION 
Sl 
S2 
S3 
54 
S5 
Sl 
S2 
S3 
S4 
S5 


INA,P 
FETCH 
INCREMENT 
- 
'INCREMENT 
- 
- 
READ 
- 
, - 
- 
INSTRUCTION 
PROGRAM COUNTER 
TIMER 
PORT 


oUTl 
P,A 
FETCH 
INCREMENT 
- 
'INCREMENT 
OUTPUT 
- 
- 
- 
- 
- 
INSTRUCTION 
PROGRAM COUNTER 
TIMER 
TO PORT 


ANl 
P,' 
DATA 
FETCH 
INCREMENT 
- 


'INCREMENT 
READ PORT 
FETCH 
- 
INCREMENT 
'OUTPUT 
- 
INSTRUCTION 
PROGRAM COUNTER 
TIMER 
IMMEDIATE 
DATA 
PROGRAM 
COUNTER 
TO PORT 


ORl 
P,' 
DATA 
FETCH 
INCREMENT 
- 
'INCREMENT 
READ PORT 
FETCH 
- 
INCREMENT 
'OUTPUT 
- 
INSTRUCTION 
PROGRAM COUNTER 
TIMER 
IMMEDIATE 
DATA 
PROGRAM 
COUNTER 
TO PORT 


INS A, BUS 
FETCH 
INCREMENT 
- 


INCREMENT 
- 
- 
READ 
- 
, - 
- 
INSTRUCTION 
PROGRAM COUNTER 
TIMER 
PORT 


OUTlBUS,A 
FETCH 
INCREMENT 
- 
INCREMENT 
OUTPUT 
- 
- 
- 
- 
- 
INSTRUCTION 
PROGRAM COUNTER 
TIMER 
TO PORT 


ANl 
BUS, 
DATA 
FETCH 
INCREMENT 
- 
'INCREMENT 
READ PORT 
FETCH 
- 
INCREMENT 
'OUTPUT 
- 
INSTRUCTION 
PROGRAM COUNTER 
TIMER 
IMMEDIATE 
DATA 
PROGRAM 
COUNTER 
TO PORT 


ORl 
BUS, • DATA 
FETCH 
INCREMENT 
- 
'INCREMENT 
READ PORT 
FETCH 
- 
INCREMENT 
'OUTPUT 
- 
INSTRUCTION 
PROGRAM COUNTER 
TIMER 
IMMEDIATE 
DATA 
PROGRAM 
COUNTER 
TO PORT 


MOYX@R,A 
FETCH 
INCREMENT 
OUTPUT RAM 
INCREMENT 
OUTPUT 
- 
- 
- 
- 
- 
INSTRUCTION 
PROGRAM COUNTER 
ADDRESS 
TIMER 
DATA TO RAM 


FETCH 
INCREMENT 
OUTPUT RAM 
INCREMENT 
READ 
, 
, 
MOYXA,@R 
- 
- 
- 
- 
- 
INSTRUCTION 
PROGRAM COUNTER 
ADDRESS 
TIMER 
DATA 


MOYDA,PI 
FETCH 
INCREMENT 
OUTPUT 
INCREMENT 
- 
- 
READ P2 
- 
, - 
- 
INSTRUCTION 
PROGRAM COUNTER 
OPCODEIADDRESS 
TIMER 
lOWER 


FETCH 
INCREMENT 
OUTPUT 
INCREMENT 
OUTPUT 
DATA 
, 


MOYDPI,A 
- 
- 
- 
, - 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
OPCODEIADDRESS 
TIMER 
TO P2l0WER 


ANlD 
P,A 
FETCH 
INCREMENT 
OUTPUT 
INCREMENT 
OUTPUT 
- 
- 
- 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
OPCODEIADDRESS 
TIMER 
DATA 
- 


oRlD 
P,A 
FETCH 
INCREMENT 
OUTPUT 
INCREMENT 
OUTPUT 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
OPCODE/ADDRESS 
TIMER 
DATA 
- 
- 
- 
- 


J(CONDITIONAl) 
FETCH 
INCREMENT 
SAMPLE 
'INCREMENT 
- 
FETCH 
- 
UPDATE 
- 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
CONDITION 
SAMPLE 
IMMEDIATE 
DATA 
PROGRAM 
COUNTER 


STRTT 
FETCH 
INCREMENT 
START 
STRT CNT 
INSTRUCTION 
PROGRAM COUNTER 
- 
- 
COUNTER 


STOP TCNT 
FETCH 
INCREMENT 
- 
- 
STOP 
INSTRUCTION 
PROGRAM 
COUNTER 
COUNTER 


ENI 
FETCH 
INCREMENT 
, ENABLE 
INSTRUCTION 
PROGRAM 
COUNTER 
- 
INTERRUPT 
- 
'VALID 
INSTRUCTION 
ADDRESSES 
ARE OUTPUT 


FETCH 
INCREMENT 
' 
DISABLE 
AT THIS 
TIME 
IF EXTERNAL 
PROGRAM 
MEMORY 
IS 
DIS I 
- 
- 
BEING 
ACCESSED. 
INSTRUCTION 
PROGRAM 
COUNTER 
INTERRUPT 


FETCH 
(1) IN LATER MCS·48 DEYICES T1IS 
SAMPLED 
IN 54. 
ENTO ClK 
INCREMENT 
ENABLE 
INSTRUCTION 
PROGRAM COUNTER 
CLOCK 
- 


.J:L 
1K 


f 


I) The processor 
is requested 
to stop by applying 
a low 
level on SS. 


2) The processor 
responds by stopping during the address 
fetch portion of the next instruction. 
If a double cycle 
instruction 
is in progress 
when the single 
step com- 
mand is received, 
both cycles will be completed 
before 
stopping. 


3) The processor 
acknowledges 
it has entered the stopped 


state by raising ALE high. In this state (which can be 
maintained 
indefinitely) 
the address of the next instruc- 
tion to be fetched 
is present 
on BUS and the lower 
half of port 2. 


4) SS is then raised high to bring the processor 
out of the 


stopped mode allowing 
it to fetch the next instruction. 


The exit from stop is indicated 
by the processor 
bring- 
ing ALE low. 


5) To stop the processor 
at the next instruction 
SS must 
be brought low again soon after ALE goes low. If SS 
is left high the processor 
remains 
in a "Run" 
mode. 


A diagram 
for implementing 
the single-step 
function 
of 


the 8748H is shown 
in Figure 
13. D':!ype flip-flop 
with 


preset and clear is used to generate 
SS. In the run mode 


SS is held high by keeping the flip-flop preset (preset has 
precedence 
over the clear 
input). 
To enter 
single 
step, 
preset is removed 
allowing 
ALE to bring SS low via the 


clear input. ALE should be buffered 
since the clear input 


of an SN7474 
is the equivalent 
of 3 TTL 
loads. 
The 


processor 
is now in the stopped state. The next instruction 


is initiated by clocki!!,g a "I" 
into the flip-flop. This "I" 


will not appear on SS unless ALE is high removing 
clear 


from the flip-flop. 
In response 
to SS going high the pro- 


cessor be~s 
an instruction 
fetch which brings ALE low 


resetting 
SS through 
the clear input and causing 
the pro- 


cessor to again enter the stopped 
state. 


2.14 Power Down Mode 
(8048AH, 
8049AH, 
8050AH, 
8039AHL, 
8035AHL, 
8040AHL) 


Extra circuitry 
has been added to the 8048AH/8049AH/ 


8050AH ROM version to allow power to be removed from 
all but the data RAM array for low power standby oper- 
ation. In the power down mode the .contents of data RAM 
can be maintained 
while drawing 
typically 
10% to 15% 


of normal operating 
power requirements. 


vcc serves as the 5V supply pin for the bulk of circuitry 
while the VDD pin supplies only the RAM array. In normal 
operation 
both pins are a 5V while in standby, 
Vcc is at 


ground 
and V DD is maintained 
at its standby 
value. 
Ap- 


plying 
Reset 
to the processor 
through 
the RESET 
pin 


inhibits 
any access 
to the RAM 
by the processor 
and 


guarantees 
that RAM cannot 
be inadvertently 
altered 
as 


power is removed 
from Vcc' 


A typical 
power 
down 
sequence 
(Figure 
14) occurs 
as 


follows: 


I) Imminent 
power supply failure is detected 
by user de- 


fined circuitry. 
Signal must be early enough 
to allow 


8048AH 
to save all necessary 
data before 
Vcc falls 


below normal operating 
limits. 


2) Power 
fail signal 
is used to interrupt 
processor 
and 


vector it to a power fail service routine. 


3) Power fail routine saves all important data and machine 


status in the internal 
data RAM 
array. 
Routine 
may 


also initiate transfer 
of backup 
supply to the VDD pin 


and indicate to external circuitry that power fail routine 
is complete. 


4) Reset is applied to guarantee 
data will not be altered 


as the power supply falls out of limits. Reset must be 
held low until Vcc is at ground 
level. 


Recovery 
from the Power Down mode can occur as any 


other power-on 
sequence 
with an external 
capacitor 
on 


the Reset 
input providing 
the necessary 
delay. 
See the 


previous 
section on Reset. 
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SINGLESTEP TIMING 


Figure 
13. Single 
Step Operation 
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ACCESS 
TO 
DATA RAM 
INHIBITED 


Normally 
the first IK (8048AH), 
2K (8049AH), 
or 4K 


(8050AH) 
words 
of program 
memory 
are automatically 


fetched from internal ROM or EPROM. 
The EA input pin 


however 
allows 
the user 
to effectively 
disable 
internal 


program 
memory by forcing all program 
memory 
fetches 


to reference 
external 
memory. 
The following 
chapter ex- 


plains 
how 
access 
to external 
program 
memory 
is 


accomplished. 


The External 
Access 
mode is very useful in system test 


and debug because it allows the user to disable his internal 
applications 
program 
and substitute 
an external 
program 


of his choice - 
a diagnostic 
routine 
for instance. 
In ad- 
dition, 
the date sheet shows how internal 
program 
mem- 


ory can be read externally, 
independent 
of the processor. 
A "1" 
level on EA initiates 
the external 
accesss 
mode. 


For proper 
operation, 
Reset should be applied 
while the 
EA input is changed. 


The 8048AH, 
8049AH, 
8050AH 
has incorporated 
a new 
SYNC 
mode. 
The 
Sync 
mode 
is provided 
to ease 
the 


design of multiple 
controller 
circuits 
by allowing 
the de- 


signer to force the device into known phase and state time. 
The SYNC mode may also be utilized 
by automatic 
test 


equipment 
(ATE) for quick, 
easy, and efficient 
synchro- 


nizing between the tester and the DUT (device under test). 


SYNC 
mode is enabled 
when SS' pin is raised 
to high 


voltage level of + 12 volts. To begin synchronization, 
TO 


is raised to 5 volts at least four clocks 
cycles after SS'. 


TO must be high for at least four XI clock cycles to fully 


reset the prescaler 
and time state generators. 
TO may then 
be brought 
down with the rising edge of Xl. 
Two clock 
cycles later, with the rising edge of X I , the device enters 
into Time State I, Phase 
I, SS' is then brought down to 


5 volts 4 clocks 
later after TO. RESET' 
is allowed 
to go 
high 5 tCY (75 clocks) later for normal execution 
of code. 


See Figure 
IS. 


TIME 
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12V 
i 
SS 
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OV 


5V 
TO OV-------- 
5V 
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SINGLE 
STEP 


EXTERNAL 
MEM 
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{ 


INTERRUPT 


The MCS-4S' processors 
are packaged 
in 40 pin Dual In- 
Line 
Packages 
(DIP's). 
Table 
3 is a summary 
of the 
functions 
of each 
pin. 
Figure 
16 is the 
logic 
symbol 
for the S048AH product family. 
Where it exists, 
the sec- 
ond paragraph 
describes 
each 
pin's 
function 
in an ex- 
panded MCS-48 system. 
Unless otherwise 
specified, 
each 
input is TTL compatible 
and each output 
will drive one 
standard TTL load. 
8048AH 
8049AH 
8050AH 
READ 


WRITE 
PROGRAM 
STORE 
ENABLE 


ADDRESS 
LATCH 
ENABLE 


Pin 
Designation 
Number· 
Function 


Vss 
20 
Circuit 
G N 0 potential 


VDD 
26 
Programming 
power supply; 21V during program for the 8748H/8749H; 
+ 5V during 


operation 
for both 
ROM 
and EPROM. 
Low 
power 
standby 
pin in 8048AH 
and 


8049AH/8050AH 
ROM versions. 


Vcc 
40 
Main 
power 
supply; 
+5V during 
operation 
and during 
8748H 
and 
8749H 
pro- 
gramming. 


PROG 
25 
Program 
pulse; + 18V input pin during 
8748H / 8749H programming. 
Output 
strobe 


for 8243 I/O expander. 


PIO-PI7 
27-34 
8-bit quasi-bidirectional 
port. 
(Internal 
Pullup = 50Kfl) 
(Port 
1) 


P20-P27 
21-24 
8-bit quasi-bidirectional 
port. 
(Internal 
Pullup = 50Kfl) 
(Port 
2) 
35-38 
P20-P23 
contain 
the four high order program 
counter 
bits during 
an external 
pro- 
gram 
memory 
fetch and serve as a 4-bit I/O expander 
bus for 8243. 


00-07 
12-19 
True bidirectional 
port which can be written 
or read synchronously 
using the RD. 
(BUS) 
WR strobes. 
The port can also be statically 
latched. 


Contains 
the 8 low order 
program 
counter 
bits during 
an external 
program 
mem- 
ory fetch. and receives the addressed 
instruction 
under the control 
of PSEN. 
Also 


contains 
the address 
and data 
during 
an external 
RA M data 
store 
instruction. 


under 
control 
of ALE. 
RD. and WR. 


TO 
I 
Input 
pin testable 
using the conditional 
transfer 
instructions 
JTO and JNTO. TO 


can be designated 
as a clock output 
using ENTO 
CLK instruction. 
TO is also used 
during 
programming 
and sync mode. 


TI 
) 
39 
Input 
pin testable 
using the JTI. 
and JNTI 
instructions. 
Can 
be designated 
the 


event counter 
input 
using 
the STRT CNT 
instruction. 
(See Section 
2.10). 


INT 
6 
Interrupt 
input. 
Initiates 
an interrupt 
if interrupt 
is enabled. 
Interrupt 
is disabled 
after a reset. (Active 
low) 


Interrupt 
must remain 
low for at least 3 machine 
cycles to ensure proper 
operation. 
-- 
RO 
8 
Output 
strobe 
activated 
during 
a BUS read. Can be used to enable 
data onto the 


BUS from an external 
device. 
(Active 
low) 


Used as a Read Strobe 
to External 
Data 
Memory. 


RESET 
4 
Input which is used to initialize the processor. 
Also used during EPROM programming 


and verification. 
(Active 
low) (Internal 
pullup = 80K fl) 


WR 
10 
Output 
strobe 
during 
a BUS write. (Active 
low) Used as write strobe 
to external 
data 
memory. 


ALE 
I I 
Address 
Latch 
Enable. 
This signal occurs 
once during 
each cycle and is useful as 


a clock output. 


The negative edge of A LE strobes 
address 
into external 
data and program 
memory. 


Pin 
, 


Designation 
Number· 
Function 
-- 
Program 
Store Enable. 
This output 
occurs only during a fetch to external 
program 
PSEN 
9 
memory. 
(Active 
low) 


SS 
5 
Single step input can be used in conjunction 
with ALE to "single step" the processor 
through 
each instruction. 
(Active 
low) (Internal 
pullup = 300Kfl) 
+ J2V for sync 
modes 
(See 2.16). 


EA 
7 
External 
Access 
input 
which forces all program 
memory 
fetches 
to reference 
ex- 


ternal 
memory. 
Useful for emulation 
and debug, 
and essential 
for testing 
and pro- 
gram 
verification. 
(Active 
high) 
+12V for 8048AH/8049AH/8050AH 
program 
verification 
and + 18V for 8748H /8749H 
program 
verification 
(Internal 
pullup = 


JOMfl on 8048AH/8q49AH/8035AHL/8039AHL/8050AH/8040AHL) 


XTALJ 
2 
One side of crystal 
input 
for internal 
oscillator. 
Also input 
for external 
source. 


XTAL2 
3 
Other 
side of crystal/external 
source 
input. 


4.0 
PROGRAMMING, 
VERIFYING 
AND 
ERASING 
EPROM 
8748H AND 8749H 
ERASURE 
CHARACTERISTICS 


The 
internal 
Program 
Memory 
of the 
8748H 
and the 
8749H may be erased 
and reprogrammed 
by the user as 
explained 
in the following 
sections. 
See also the 8748H 
and 8749H data sheets. 


The erasure 
characteristics 
of the 8748H 
and 8749H are 
such that erasure 
begins 
to occur when exposed 
to light 
with wavelengths 
shorter than approximately 
4000 Angs- 
troms 
(A). 
It should 
be noted 
that sunlight 
and certain 
types 
of 
fluorescent 
lamps 
have 
wavelengths 
in 
the 
3()()()...4000A range. 
Data show that constant 
exposure 
to 
room 
level 
fluorescent 
lighting 
could 
erase 
the typical 
8748H and 8749H in approximately 
3 years while it would 
take approximately 
I week to cause erasure when exposed 
to direct sunlight. 
If the 8748H or 8749H is to be exposed 
to these types of lighting conditions 
for extended 
periods 
of time, opaque 
labels should be placed over the 8748H 
window 
to prevent 
unintentional 
erasure. 


In brief, the programming 
process 
consists 
of: activating 
the program 
mode, 
applying 
an address, 
latching the ad- 


dress, applying 
data, and applying 
a programming 
pulse. 


This programming 
algorithm 
applies 
to both the 8748H 
and 8749H. Each word is programmed 
completely 
before 
moving 
on to the next and is followed 
by a verification 
step. The following 
is a list of the pins used for program- 
ming and a descsription 
of their functions: 


PIn 
XTAL 
I 
Reset 
Test 0 


EA 
BUS 


no-I 
nO-2 
Voo 
PROG 
Pio-PII 


Function 
Clock Input (3 to 4 MHz) 
Initialization 
and Address 
Latching 
Selection 
of Program 
(OV) or Verify 
(5V) Mode 
Activation 
of Program/Verify 
Modes 
Address 
and Data Input Data Output 
During 
Verify 
Address 
Input for 8748H 
Address 
Input for 8749H 
Programming 
Power Supply 
Program 
Pulse Input 
Tied to ground 
(8749H only) 


When erased, bits of the 8748H and 8749H Program Mem- 
ory are in the logic ••0" 
state. 


The recommended 
erasure 
procedure 
for the 8748H 
and 
8749H 
is exposure 
to shortwave 
ultraviolet 
light which 
has a wavelength 
of 2537 Angstroms 
(A). The integrated 
dose 
(i.e., 
UV intensity 
X exposure 
time) 
for erasure 
should be a minimum 
of l5W-sec/cm2• 
The erasure time 
with this dosage is approximately 
15 to 20 minutes using 
an ultraviolet 
lamp with a 12000ILW/cm2 
power 
rating. 


The 8748H and 8749H should be placed within one inch 
from the lamp tubes during erasure. 
Some lamps have a 
filter in their tubes and this filter should be removed before 
erasure. 
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MCS®-48 Expanded 
System 
2 


If the capabilities 
resident 
on the single-chip 
S04SAHI 
S74SHlS035AHUS049AHlS749H1S039AHL 
are not suf- 
ficient for your system requirements, 
special on-board cir- 
cuitry 
allows 
the addition 
of a wide variety 
of external 
memory, 
I/O, or special peripherals 
you may require. The 
processors 
can be directly 
and simply 
expanded 
in the 
following 
areas: 


• 
Program 
Memory 
to 4K words 


• 
Data 
Memory 
to 320 
words 
(3S4 
words 
with 
S049AH) 


• 
I/O by unlimited 
amount 


• 
Special Functions 
using SOSO/SOS5AH 
peripherals 


By using bank switching 
techniques, 
maximum 
capability 
is essentially 
unlimited. 
Bank switching 
is discussed 
later 
in the chapter. 
Expansion 
is accomplished 
in two ways: 


1) Expander 
I/O - 
A special 
I/O Expander 
circuit, 
the 
S243, 
provides 
for the addition 
of four 4-bit 
InpuV 
Output ports with the sacrifice of only the lower half 
(4-bits) of port 2 for inter-device 
communication. 
Mul- 
tiple S243's 
may be added 
to this 4-bit bus by gen- 
erating the required 
"chip 
select" 
lines. 


2) Standard 
SOS5 Bus 
- 
One 
port 
of 
the 
S04SAHI 
S049AH 
is like the S-bit bidirectional 
data bus of the 
SOS5 microcomputer 
system allowing 
interface 
to the 
numerous 
standard 
memories 
and peripherals 
of the 
MCS~-SO/S5 
microcomputer 
family. 


MCS-4S 
systems 
can be configured 
using either or both 
of these expansion 
features to optimize system capabilities 
to the application. 


Both expander 
devices 
and standard 
memories 
and pe- 
ripherals 
can be added in virtually 
any number and com- 
bination 
required. 


Program 
Memory 
is expanded 
beyond the resident 
IK or 
2K words by using the SOS5 BUS feature of the MCS~- 
4S. All program 
memory 
fetches 
from the addresses 
less 
than 
1024 on the S04SAH 
and less than 
204S on the 
S049AH 
occur 
internally 
with no external 
signals 
being 
generated 
(except 
ALE which is always present). 
At ad- 
dress 
1024 on the S04SAH, 
the processor 
automatically 
initiates external 
program 
memory 
fetches. 


As shown 
in Figure 
I, for all instruction 
fetches 
from 
addresses 
of 1024 (204S) 
or greater, 
the following 
will 
occur: 


1) The contents 
of the 
12-bit program 
counter 
will be 
output on BUS and the lower half of port 2. 


2) Address 
Latch Enable (ALE) will indicate 
the time at 
which 
address 
is valid. 
The trailing 
edge of ALE is 
used to latch the address 
externally. 


3) Program 
Store Enable (PSEN) indicates 
that an exter- 
nal instruction 
fetch is in progress and serves to enable 
the external 
memory 
device. 


4) BUS reverts to input (floating) mode and the processor 
accepts its S-bit contents 
as an instruction 
word. 


FLOATING 


BUS ~FLOATINGX=;:X 
FLOATING 


AODRESS 
INSTRUCTION 


Figure 
1. Instruction 
Fetch from 
External 
Program 
Memory 


All instruction fetches, including internal addresses, 
can be 
forced to be external by activating the EA pin of the S04SAHI 
S049AH1S050AH. The S035AHLiS039AHLiS04OAHL 
pro- 


cessors without program memory always operate in the ex- 
ternal program memory mode (EA = 5V). 


2.2 
Extended 
Program 
Memory 
Addressing 
(Beyond 
2K) 


For programs 
of 2K words or less, the S04SAHlS049AH 
addresses 
program 
memory 
in the conventional 
manner. 


Addresses 
beyond 
2047 can be reached 
by executing 
a 
program memory bank switch instruction 
(SEL MBO, SEL 
MBI) 
followed 
by a branch 
instruction 
(JMP or CALL). 


The bank switch feature extends 
the range of branch 
in- 
structions 
beyond their normal 
2K range and at the same 
time prevents 
the user from inadvertently 
crossing 
the 2K 
boundary. 


The switching 
of 2K program 
memory 
banks is accom- 
plished by directly setting or resetting the most significant 
bit of the program 
counter 
(bit 
11); see Figure 
2. Bit 
11 is not altered by nQrmal incrementing 
of the program 
counter 
but is loaded with the contents 
of a special 
flip- 


flop each time a JMP or CALL 
instruction 
is executed. 


This special 
flip-flop 
is set by executing 
an SEL MB 1 


instruction 
and reset by SEL MBO. Therefore, 
the SEL 
MB instruction 
may be executed 
at any time prior to the 
actual bank switch which occurs 
during the next branch 


instruction 
encountered. 
Since all twelve bits of the pro- 


gram counter, 
including 
bit 11, are stored in the stack, 
when a Call is executed, 
the user may jump to subroutines 
across the 2K boundary 
and the proper bank will be re- 


stored 
upon 
return. 
However, 
the bank switch 
flip-flop 


will not be altered on return. 


C 


Conventional 
pr~gram Counter 
• 
Counts 
OOOH to 7FFH 
• 
Oyerflows 
7FFH 
to OOOH 


JMP 
or CALL 
instructions 
transfer 
contents 
ot Intemallllpflop 
to All 


• 
Flipflop 
set by SEL MBl 
• 
Flipflop 
reset 
by SEL MBO 
or by RESET 


During 
Interrupt 
service routine 
All 
is forced 
to "0" 


All 12 bits are sayed 
in stack 


Interrupts 
always vector the program 
counter 
to location 


3 or 7 in the first 2K bank, 
and bit II 
of the program 


counter is held at' '0" during the interrupt service routine. 
The end ofthe service routine is signalled by the execution 
of an RETR instruction. 
Interrupt 
service routines 
should 


therefore 
be contained 
entirely 
in the lower 2K words of 


program 
memory. 
The execution 
of a SEL MBO or SEL 


MB I instruction 
within 
an interrupt 
routine 
is not rec- 


ommended 
since it will not alter PC II while in the routine, 


but will change the intemalflip-flop. 


Although 
the lower half of Port 2 is used to output 
the 


four most significant 
bits of address 
during 
an external 


program 
memory 
fetch, 
the I/O information 
is still out- 


puted during certain portions 
of each machine 
cycle. 
I/O 


information 
is always present 
on Port 2's lower 4 bits at 


the rising edge of ALE and can be sampled 
or latched at 


this time. 


Shown 
in Figure 
3 is the 
addition 
of 
2K words 
of 


program 
memory 
using an 2716A 
2K x 8 ROM to give 


a total of 3K words of program 
memo!Ll!! 
this case no 


chip select 
decoding 
is required 
and PSEN 
enables 
the 


memory directly through the chip select input. If the sys- 
tem requires only 2K of program 
memory, 
the same con- 


figuration 
can be used with an 8035AHL 
substituted 
for 


the 8048AH. 
The 8049AH 
would provide 4K of program 


memory 
with the same configuration. 
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Figure 4 shows how the 8755/8355 
EPROM/ROM 
with 
IJO interfaces 
directly 
to the 8048AH 
without 
the need 
for an address 
latch. The 8755/8355 
contains 
an internal 
8-bit address latch eliminating 
the need for an 8212 latch. 


In addition 
to a 2K x 8 program 
memory, 
the 8755/8355 
also contains 
16 IJO lines addressable 
as two 8-bit ports. 


These ports are addressed 
as external 
RAM; therefore 
the 
RD and WR outputs of the 8048AH 
are required. 
See the 
following 
section 
on data 
memory 
expansion 
for more 
detail. The subsequent 
section on IJO expansion 
explains 


the operation 
of the 16 IJO lines. 


Data Memory 
is expanded 
beyond 
the resident 
64 words 
by using the 8085AH 
type bus feature of the MCS~-48. 


All address 
and data 
is transferred 
over the 8 lines of 


BUS. 
As 
shown 
in Figure 
5, a read 
or 
write 
cycle 
occurs as follows: 


ALE J 


FLOATING 
XADDRESS~ 
F_Lo_A_T_IN_G 
_ 


FLOATING 


ALE J 


I) The contents ofregister ROor RI is outputed on BUS. 
2) Address Latch Enable (ALE) indicates addresss is 
valid. The trailing edge of ALE is used to latch the 
address externally. 


3) A read (RD) or write (WR) pulse on the corresponding 
output pins of the 8048AH indicates the type of data 
memory access i~ogress. 
Output data is valid at the 
trailing edge of WR and input data must be valid at 
the trailing edge of RD. 


4) Oat (8 bits) is transferred in or out over BUS. 


3.2 Addressing 
External 
Data Memory 


External Data Memory is accessed with its own two-cycle 
move instructions. MOVXA, @R and MOVX@R, A, 
which transfer 8 bits of data between the accumulator and 
the external memory location addressed by the contents 
of one of the RAM Pointer Registers RO and Rl. This 
allows 256 locations to be addressed in addition to the 
resident locations. Additional pages may be added by 
"bank switching" with extra output lines of the 8048AH. 


3.3 Examples 
of Data Memory 
Expansion 


Figure 6 shows how the 8048-AH can be expanded 
using the 8155 memory and 110 expanding device. Since 
the 8155 has an internal8-bit address latch, it can interface 
directly to the 8048AH without the use of an external 
latch. The 8155 provides an additional 256 words of static 
data memory and also includes 22 I/O lines and a l4-bit 
timer. See the following section on I/O expansion and the 
8155 data sheet for more details on these additional 
features. 


There are four possible modes of 110 expansion with the 
8048AH: one using a special low-cost expander, the 8243; 
another using standard MCS-80/85 I/O devices; and a third 
using the combination memory 110 expander devices the 
8155,8355, and 8755. It is also possible to expand using 
standard TTL devices. 


The most efficient means of 110 expansion for small sys- 
tems is the 8243 110 Expander Device which requires only 
4 port lines (lower half of Port 2) for communication with 
the 8048AH. The 8243 contains four 4-bit 110 ports which 
serve as an extension of the on-chip I/O and are addressed 
as ports #4-7 (see Figure 13-7). The following operations 
may be performed on these ports: 


• Transfer Accumulator to Port 
• Transfer Port to Accumulator 
• AND Accumulator to Port 
• OR Accumulator to Port 


A 4-bit transfer from a port to the lower half of the Ac- 
cumulator sets the most significant four bits to zero. All 
communication between the 8048AH and the 8243 occurs 
over Port 2 lower (P20-P23) with timing provided by an 
output pulse on the PROG pin of the processor.Each trans- 
fer consists of two 4-bit nibbles: The first containing the 
"op code" and port address, and the second containing 
the actual 4 bits of data. 
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01 
PORT 
01 
WRITE 
10 
ADDRESS 
10 
OR 
11 
11 
AND 


Nibble 
I 


3 
2 
I 
0 


~ 
Instruction 


Code 


Nibble 
2 


3 
2 
I 
0 


~ 
data 


II 


00 Read 
01 Write 
100R 
II AND 


AA 


00 - 
Port #4 
01 - 
Port #5 
10 - 
Port #6 
II - 
Port #7 


A high to low transition 
of the PROG line indicates 
that 
address is present, 
while allow to high transition 
indicates 


the presence 
of data. Additional 
8243's 
may be added to 


the four-bit 
bus and chip selected using additional 
output 


lines from the 8048AH/8748H. 


Each of the four 4-bit ports of the 8243 can serve as either 
input or output 
and can provide 
high drive capability 
in 


both the high and low state. 


4.2 
1/0 Expansion with Standard 
Peripherals 


Standard 
MCS-80/85 
type 110 devices 
may be added to 


the MCS$-48 
using the same bus and timing used for Data 


Memory 
expansion. 
Figure 
8 shows an example 
of how 


an 8048AH 
can be connected 
to an MCS-85 
peripheral. 


110 devices 
reside 
on the Data Memory 
bus and in the 


data memory address space and are accessed with the same 
MOVX 
instructions. 
(See the previous 
section 
on data 


memory 
expansion 
for a description 
of timing.) 
The fol- 
lowing are a few of the Standard 
MCS-80 
devices 
which 


are very useful in MCS$-48 
systems: 


• 
8214 Priority 
Interrupt 
Encoder 
• 
8251 Serial Communications 
Interface 
• 
8255 General 
Purpose 
Programmable 
110 


• 
8279 Keyboard/Display 
Interface 
• 
8254 Interval 
Timer 


4.3 Combination 
Memory and 
110Expanders 
As mentioned 
in the sections on program and data memory 


expansion, 
the 8355/8755 and 8155 expanders 
also contain 


110 capability. 


8 
KEYBOARD 
INPUTS 
INT 
INT 


P20 
C/O 
CNTL 


8279 
KEYBOARD 
SCAN 
8048AH 
DISPLAY 
OUTPUTS 


RD 
RD 


WR 
WR 
(A) 
DISPLAY 
OUTPUT 


BUS 
8 
DATA 
(B) 
DISPLAY 
BUS 
OUTPUT 
CS 


-= 


8355/8755: 
These two parts of ROM and EPROM 
equiv- 
alents and therefore 
contain 
the same 110 structure. 
I/O 
consists 
of two 8-bit ports which normally 
reside 
in the 
external data memory address space and are accessed with 
MOVX 
instructions. 
Associated 
with each port is an 8- 
bit Data Direction 
Register 
which defines each bit in the 
port as either 
an input or an output. 
The data direction 
registers 
are directly 
addressable, 
thereby 
allowing 
the 
user to define under software 
control 
each individual 
bit 
of the ports 
as either 
input 
or output. 
All outputs 
are 


statically 
latched 
and 
double 
buffered. 
Inputs 
are 
not 
latched. 


8155/8156: 
110 on the 8155/8156 
is configured 
as two 
8-bit programmable 
I/O ports and one 6-bit programmable 


port. These 
three registers 
and a Control/Status 
register 


are accessible 
as external 
data memory 
with the MOVX 


instructions. 
The contents 
of the control 
register 
deter- 
mines the mode of the three ports. The ports can be pro- 
grammed 
as input or output 
with or without 
associated 


handshake 
communication 
lines. In the handshake 
mode, 


lines of the six -bit port become 
input and output 
strobes 


for the two 8-bit ports. 
Also included 
in the 8155 is a 


14-bit programmable 
timer. 
The clock input to the timer 


and the timer overflow 
output 
are available 
on external 


pins. The timer can be programmed 
to stop on terminal 


count or to continuously 
reload itself. 
A square wave or 


pulse output on terminal 
count can also be specified. 


Figure 
9 shows 
the 
expansion 
of 1/0 using 
multiple 
8243's. 
The only difference 
from a single 8243 system is 


the addition of chip selects provided by additional8048AH 
output 
lines. 
Two output 
liens and a decoder 
could also 


be used to address the four chips. Large numbers of 8243 's 
would require a chip select decoder chip such as the 8205 
to save I/O pins. 


Figure 
10 shows 
the 
8048AH 
interface 
to a standard 
MCS~-80 peripheral; 
in this case, the 8255 Programmable 


Peripheral 
Interface, 
a 4O-pin part which 
provides 
three 


8-bit programmable 
I/O ports. 
The 8255 bus interface 
is 


typical 
of programmable 
MCS~·80 
peripherals 
with an 


8-bit bidirectional 
data bus, a RD and WR input for Read! 


Write control, 
a CS (chip select) input used to enable the 


ReadlWrite 
control 
logic and the address 
inputs used to 


select various 
internal registers. 


AI) 
82S5 
P20 
AI) 
8255 
Al 
PROGRAM' 
PORT 
P21 
Al 
PROGRAM· 
MABLE 
A 
MABLE 
PERIPHERAL 
PERIPHERAL 
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INTERFACE 
PORT 
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_ 
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PORT 
8048AH 
RO 
B 
RO 
B 
iffi 
RO 
WR 
WR 
PORT 
WR 
WR 
PORT 
C 
C 
BUS 
8 
00-7 
BUS 
00-7 


CS 
CS 


OPTION.l 
OPTION.2 


Interconnection 
to the 
8048AH 
is very 
straightforward 


with BUS, 
RD, and WR connecting 
directly 
to the cor- 


responding 
pins on the 8255. 
The only design consider- 


ation is the way in which the internal registers of the 8255 
are to be addressed. 
If the registers 
are to be addressed 


as external 
data memory 
using the MOVX 
instructions, 


the appropriate 
number 
of address 
bits (in this case, 
2) 
must be latched 
on BUS using ALE as described 
in the 


section on external data memories. 
If only a single device 


is connected 
to BUS, 
the 8255 may be continuously 
se- 
lected by grounding 
CS. If multiple 
8255's 
are used, ad- 
ditional 
address 
bits 
can 
be latched 
and used 
as chip 


selects. 


A second addressing 
method 
eliminatcs 
external 
latches 


and chip select decoders 
by using output 
port lines as ad- 


drcss 
and 
chip 
select 
lines directly. 
rhis 
mcthod. 
of 


course. requin:s the setting of an output 
port with address 


information 
prior to cxccuting 
a MOYX 
instruction. 


Figure 
11 shows the addition 
of two memory 
expanders 


to the 8048AH, 
one 8355/8755 
ROM and one 8156 RAM. 
The main consideration 
in designing 
such a system is the 


addressing 
of the various 
memories 
and I/O ports. 
Note 


that in this configuration 
address 
lines AIO and All have 


been ORed to chip select the 8355. This ensures 
that the 


chip is active for all external 
program 
memory 
fetches 
in 


the lK to 3K range and is disabled 
for all other addresses. 


This gating has been added to allow the I/O port of the 
8355 to be used. If the chip was left selected all the time, 
there would be conflict between 
these ports and the RAM 


and I/O of the 8156. The NOR gate could be eliminated 
and All connected 
directly to the CE (instead of CE) input 


of the 8355; however, 
this would create a IK word "hole" 


in the program 
memory 
by causing 
the 8355 to be active 


in the 2K and 4K range instead 
of the normal 
IK to 3K 


range. 


In this 
system 
the 
various 
locations 
are 
addressed 
as 


follows: 


• 
Data RAM - 
Addresses 
0 to 255 when Port 2 Bit 


o has been previously 
set = I and Bit I set = 0 


• 
RAM I/O - 
Addresses 
0 to 3 when Port 2 Bit 0 = 
1 and Bit I = I 


• 
ROM I/O - 
Addresses 
0 to 3 when Port 2 Bit 2 or 


Bit 3 = 1 


See the memory 
map 
in Figure 
12. 


PORT 
83551 
8755 
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EPROM 
PORT 
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ALE 
8 
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8 
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Certain systems may require more than the 4K words of 
program memory which are directly addressable by the 
program counter or more than the 256 data memory and 
110 locations directly addressable by the pointer registers 
ROand Rl. These systems can be achieved using "bank 
switching" techniques. Bank switching is merely the se- 
lection of various blocks of "banks" 
of memory using 
dedicated output port lines from the processor. In the case 
of the 8048AH, program memory is selected in blocks of 
4K words at a time, while data memory and 110 are en- 
abled 256 words at a time. 


The most important consideration in implementing two or 
more banks is the software required to cross the bank 
boundaries. Each crossing of the boundary requires that 
the processor first write a control bit to an output port 
before accessing memory or 110 in the new bank. If pro- 
gram memory is being switched, programs should be or- 
ganized to keep boundary crossings to a minimum. 


Jumping to subroutines across the boundary should be 
avoided when possible since the programmer must keep 
track of which bank to return to after completion of the 
subroutine. If these subroutines are to be nested and ac- 
cessed from either bank, a software "stack" 
should be 


implemented to save the bank switch bit just as if it were 
another bit of the program counter. 


From a hardware standpoint bank switching is very 
straightforward and involves only the connection of an 
110 line or lines as bank enable signals. These enables are 
ANDed with normal memory and 110 chip select signals 
to activate the proper bank. 


Table 1 summarizes the instructions which activate the 
various control outputs of the MCS~-48 processors. Dur- 
ing all other instructions these outputs are driven to the 
active state. 


EXTERNAL 
DATA 
: 
MEMORY 
SPACE 


MBO r----..., 400H I 
I 8~~5 


-------- 
300H I 
I 8155 
RESIDENT 
1 
1 
10 
------- 
200H 
(lK) 
-------- 
100H 
I 
L- 
-...J OOOH 1--------1 


Control 
Signal 
When Active 


RD 
During 
MOVX, 
A, @R or INS Bus 


WR 
During 
MOVX 
@R, 
A or OUTL Bus 


ALE 
Every Machine 
Cycle 


PSEN 
During 
Fetch of external 
program 
mem- 
ory (instruction 
or immediate 
data) 


PROG 
During MOVD, 
A,P ANLD P,A MOVD 
P,A ORLD 
P,A 


8.0 
PORT CHARACTERISTICS 


8.1 BUS Port Operations 


The BUS port can operate 
in three different 
modes: as a 
latched 1i0 port, as a bidirectional 
bus port, or as a pro- 
gram memory 
address 
output 
when external 
memory 
is 
used. 
The BUS port lines are either 
active 
high, 
active 
low, or high impedance 
(floating). 


The latched mode (INS, OUTL) is intended 
for use in the 
single-chip 
configuration 
where BUS is not begin used as 
an expander 
port. OUTL and MOVX 
instructions 
can be 
mixed if necessary. 
However, 
a previously 
latched output 
will be destroyed 
by executing 
a MOVX 
instruction 
and 
BUS will be left in the high impedance 
state. 
INS does 
not put the BUS in a high impedance 
state. 
Therefore, 


the use of MOVX 
after OUTL to put the BUS in a high 
impedance 
state is necessary 
before 
an INS instruction 
intended 
to read an external 
word (as opposed 
to the pre- 
viously latched value). 


OUTL 
should 
never be used in a system 
with external 
program 
memory, 
since latching 
BUS can cause the next 
instruction, 
if external, 
to be fetched 
improperly. 


The lower half of Port 2 can be used in three different 
ways: as a quasi-bidirectional 
static port, as an 8243 ex- 
pander port, and to adddress 
external 
program 
memory. 


RESIDENT 
DATA 
MEMORY 
(64) 


SECTION 
ADDRESS 
DESIGNATION~ 


PROG. 
MEM 
OOO-BFF 
DATAMEM 
100-IFF 
8155 PORTS 
300 
CMD/STATUS 
301 
PORTA 
302 
PORT 
B 
303 
PORTC 
304 
TIMER 
LOW 
8355 PORTS 
305 
TIMER 
HI 
400 
PORTA 
401 
PORTB 
402 
DORA 
403 
DDR 
B 


The port may contain latched 110 data prior to its use in 
another mode without affecting operation of either. If 
lower Port 2 (P20-3) is used to output address for an 
external program memory fetch. the 110 information pre- 


viously latched will be automatically removed temporarily 
while address is present, then retored when the fetch is 
complete. However, if lower Port 2 is used to commu- 
nicate with an 8243, previously latched 110 information 
will be removed and not restored. After an input from the 
8243, P20-3 will be left in the input mode (floating). After 
an output to the 8243, P20-3 will contain the value written, 
ANDed, or ORed to the 8243 port. 


In all cases outputs are driven low by an active device 
and driven high momentarily by a low impedance device 
and held high by a high impedance device to VCc. 


8749H 
8049AH 
8048AH 
8748H 
803SAHL 
8039AHL 


MCS®,.48Instruction 
Set 
3 


The MCSiIIl-48 instruction 
set is extensive 
for a machine 
of its size and has been tailored to be straightforward 
and 
very efficient 
in its use of program 
memory. 
All instruc- 


tions are either one or two bytes in length and over 80% 
are only one byte long. 
Also, 
all instructions 
execute 
in 
either one or two cycles and over 50% of all instructions 
execute 
in a single cycle. 
Double 
cycle instructions 
in- 
clude all immediate 
instructions, 
and all 1/0 instructions. 


The MCS-48 
microcomputers 
have been designed to han- 
dle arithmetic 
operations 
efficiently 
in both binary 
and 
BCD as well as handle the single-bit 
operations 
required 
in control applications. 
Special instructions 
have also been 
included to simplify loop counters, 
table look-up routines, 
and N-way branch routines. 


As can be seen in Figure 
I the 8-bit accumulator 
is 
the central 
point for all data transfers 
within 
the 8048. 


Data can be transferred 
between 
the 8 registers 
of each 
working 
register 
bank and the accumulator 
directly, 
i.e., 


the source or destination 
register 
is specified 
by the in- 
struction. 
The remaining 
locations 
of the internal 
RAM 
array are referred 
to as Data Memory 
and are addressed 
indirectly 
via an address 
stored in either RO or R I of the 
active register bank. RO and RI are also used to indirecly 
address external data memory when it is present. Transfers 
to and from internal RAM require one cycle, while trans- 
fers to external 
RAM 
require 
two. 
Constants 
stored 
in 
Program 
Memory 
can be loaded directly 
to the accumu- 
lator and to the 8 working 
registers. 
Data can also be 
transferred 
directly 
between 
the accumulator 
and the on- 
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board timer counter 
or the accumulator 
and the Program 
Status word (PSW). 
Writing 
to the PSW alters machine 


status accordingly 
and provides a means of restoring status 
after 
an 
interrupt 
or 
of 
altering 
the 
stack 
pointer 
if 
necessary. 


Immediate 
data, 
data memory, 
or the working 
registers 
can be added 
with or without 
carry to the accumulator. 


These 
sources 
can also be ANDed, 
ORed, 
or Exclusive 


ORed to the accumulator. 
Data may be moved to or from 


the accumulator 
and working 
registers 
or data memory. 


The 
two 
values 
can 
also 
be 
exchanged 
in a 
single 


operation. 


In addition, 
the lower 4 bits of the accumulator 
can be 


exchanged 
with the lower 
4-bits 
of any of the internal 
RAM locations. 
This instruction, 
along with an instruction 


which swaps the upper and lower 4-bit halves of the ac- 
cumulator, 
provides 
for easy handling 
of 4-bit quantities, 
including 
BCD numbers. 
To facilitate 
BCD arithmetic, 
a 


Decimal 
Adjust 
instruction 
is included. 
This instruction 


is used to correct the result of the binary addition 
of two 


2-digit BCD numbers. 
Performing 
a decimal adjust on the 
result 
in the 
accumulator 
produces 
the required 
BCD 
result. 


Finally, 
the 
accumulator 
can 
be 
incremented, 
decre- 


mented, 
cleared, 
or complemented 
and can be rotated left 


or right I bit at a time with or without carry. 


Although 
there is no subtract 
instruction 
in the 8048AH, 
this operation can be easily implemented 
with three single- 
byte single-cycle 
instructions. 


A value may be subtracted 
from the accumulator 
with the 


result in the accumulator 
by: 


• 
Complementing 
the accumulator 


• 
Adding 
the value to the accumulator 


• 
Complementing 
the accumulator 


The working registers can be accessed via the accumulator 
as explained 
above, 
or can be loaded 
immediate 
with 
constants 
from program memory. 
In addition, 
they can be 


incremented 
or decremented 
or used as loop counters using 
the decrement 
and jump, 
if not zero instruction, 
as ex- 


plained under branch 
instructions. 


All Data Memory 
including 
working 
registers 
can be ac- 


cessed 
with indirect 
instructions 
via RO and RI and can 
be incremented. 


There are four user-accessible 
flags in the 8048AH: Carry, 


Auxiliary 
Carry, 
FO and Fl. 
Carry indicates 
overflow 
of 


the accumulator, 
and Auxiliary 
Carry 
is used to indiate 


overflow between 
BCD digits and is used during decimal- 


adjust operation. 
Both Carry and Auxiliary 
Carry are ac- 


cessible as part of the program 
status word and are stored 


on the stack during subroutines. 
FO and F I are undedicated 


general-purpose 
flags to be used as the programmer 
de- 
sires. 
Both 
flags can be cleared 
or complemented 
and 


tested by conditional 
jump instructions. 
FO is also acces- 


sible via the Program 
Status 
word and is stored 
on the 


stack with the carry flags. 


The unconditional 
jump instruction 
is two bytes and allows 


jumps anywhere in the first 2K words of program memory . 
Jumps to the second 2K of memory (4K words are directly 
addressable) 
are made first by executing 
a select memory 


bank instruction, 
then executing 
the jump instruction. 
The 


2K boundary 
can only be crossed via ajump 
or subroutine 


call instruction, 
i.e., the bank switch does not occur until 


ajump is executed. 
Once a memory bank has been selected 


all subsequent 
jumps 
will be to the selected 
bank until 


another 
select 
memory 
bank 
instruction 
is executed. 
A 


subroutine 
in the opposite bank can be accessed by a select 


memory 
bank instruction 
followed 
by a call instruction. 


Upon completion 
of the subroutine, 
execution 
will auto- 


matically 
return to the original bank; however, 
unless the 


original bank is reselected, 
the next jump instruction 
en- 


countered 
will again 
transfer 
execution 
to the opposite 


bank. 


Conditional 
jumps 
can test the following 
inputs and ma- 


chine status: 


• 
TO Input Pin 


• 
T1 Input Pin 


• 
INT Input Pin 


• 
Accumulator 
Zero 


• 
Any bit of Accumulator 


• 
Carry Flag 


• 
FO Flag 


• 
FI Flag 


Conditional 
jumps 
allow a branch 
to any address 
within 


the current page (256 words) of execution. 
The conditions 


tested are the instantaneous 
values 
at the time the con- 


ditional jump is executed. 
For instance, 
the jump on ac- 


cumulator 
zero instruction 
tests the accumulator 
itself, not 


an intermediate 
zero flag. 


The decrement 
register 
and jump 
if not zero instruction 
combines 
a decrement 
and a branch 
instruction 
to create 
an instruction 
very useful in implementing 
a loop counter. 


This instruction 
can designate 
anyone 
of the 8 working 
registers as a counter and can effect a branch to any address 
within the current 
page of execution. 


A single-byte 
indirect jump instruction 
allows the program 
to be vectored 
to anyone 
of several 
different 
locations 
based on the contents 
of the accumulator. 
The contents 
of the accumulator 
points to a location in program memory 
which contains 
the jump address. 
The 8-bit jump address 
refers to the current 
page of execution. 
This instruction 
could be used, for instance, 
to vector to anyone 
of several 
routines 
based 
on an ASCII 
character 
which 
has been 
loaded in the accumulator. 
In this way ASCII key inputs 
can be used to initiate various routines. 


Subroutines 
are entered 
by executing 
a call instruction. 
Calls can be made like unconditional 
jumps to any address 
in a 2K word bank, 
and jumps 
across the 2K boundary 
are executed 
in the same manner. 
Two 
separate 
return 
instructions 
determine 
whether or not status (upper 4-bits 
of PSW) is restored 
upon return from the subroutine. 


The return and restore 
status instruction 
also signals the 
end of an· interrupt 
service 
routine 
if one has been 
in 
progress. 


The 8-bit on board 
timer/counter 
can be loaded or read 
via the accumulator 
while the counter 
is stopped or while 
cou.lting. 
The counter 
can be started as a timer with an 
internal clock source or an event counter or timer with an 
external clock applied to the Tl input pin. The instruction 
executed 
determines 
which clock source is used. A single 
instruction 
stops the counter 
whether 
it is operating 
with 
an internal 
or an external 
clock source. 
In addition, 
two 
instructions 
allow 
the timer 
interrupt 
to be enabled 
or 
disabled. 


Two instructions 
allow the external 
interrupt 
source to be 
enabled 
or disabled. 
Interrupts 
are initially 
disabled 
and 
are automatically 
disabled 
while an interrupt 
service rou- 
tines is in progress 
and re-enabled 
afterward. 


There 
are four memory 
bank select instructions, 
two to 
designate 
the active 
working 
register 
bank 
and two to 
control program memory banks. The operation 
of the pro- 
gram 
memory 
bank 
switch 
is explained 
in Section 
2.2 
in the Expanded 
MCS-48 
System 
chapter. 


The working 
register 
bank switch 
instructions 
allow the 
programmer 
to immediately 
substitute 
a second 8-register 
working register bank for the one in use. This effectively 
provides 
16 working registers or it can be used as a means 
of quickly 
saving the contents of the registers 
in response 
to an interrupt. 
The user has the option to switch or not 
to switch banks on interrupt. 
However, 
if the banks are 
switched, 
the original bank will be automatically 
restored 
upon execution 
of a return 
and restore 
status instruction 
at the end of the interrupt 
service routine. 


A special 
instruction 
enables 
an internal 
clock, 
which is 
the XT AL frequency 
divided by three to be output on pin 
TO. This clock can be used as a general-purpose 
clock in 
the user's 
system. 
This instruction 
should be used only to 
initialize the system since the clock output can be disabled 
only by application 
of system reset. 


Ports I and 2 are 8-bit static 110 ports which can be loaded 
to and from the accumulator. 
Outputs are statically latched 
but inputs are not latched 
and must be read while inputs 


are present. 
In addition, 
immediate 
data from program 
memory 
can be ANDed 
or ORed directly 
to Port 
I and 
Port 2 with the result remaining 
on the port. This allows 
"masks" 
stored in program 
memory 
to selectively 
set or 
reset individual 
bits of the 110 ports. 
Ports 
1 and 2 are 
configured 
to allow input on a given pin by first writing 
a "1" 
out to the pin. 


An 8-bit port called 
BUS can also be accessed 
via the 
accumulator 
and can have 
statically 
latched 
outputs 
as 


well. 
It too can have immediate 
data ANDed 
or ORed 
directly to its outputs, 
however, 
unlike ports I and 2, all 
eight lines of BUS must be treated as either input or output 
at anyone 
time. 
In addition 
to being a static port, BUS 
can be used as a true synchronous 
bi-directional 
port using 
the Move 
External 
instructions 
used 
to access 
external 
data memory. 
When 
these 
instructions 
are executed, 
a 
corresponding 
READ 
or WRITE 
pulse 
is generated 
and 
data is valid only at that time. 
When 
data is not being 
transferred, 
BUS is in a high impedance 
state. Note that 
the OUTL, 
ANL, 
and the ORL instructions 
for the BUS 
are for use with internal program 
memory 
only. 


The basic three on-board 
110 ports can be expanded 
via 
a 4-bit expander 
bus using half of port 2. 110 expander 
devices 
on this bus consist 
of four 4-bit ports which are 
addressed 
as ports 4 through 
7. These 
ports 
have their 
own AND and OR instructions 
like the on-board 
ports as 
well as move instructions 
to transfer 
data in or out. The 
expander 
AND and OR instructions, 
however, 
combine 
the contents 
of accumulator 
with the selected 
port rather 
than immediate 
data as is done with the on-board 
ports. 


IIO devices 
can also be added externally 
using the BUS 
port as the expansion 
bus. In this case the IIO ports become 
"memory 
mapped", 
i.e., 
they are addressed 
in the same 
way as external 
data 
memory 
and exist in the external 
data memory 
address 
space addressed 
by pointer register 
RO or Rl. 


The following 
pages describe the MCS~-48 
instruction 
set 
in detail. 
The instruction 
set is first summarized 
with in- 
structions 
grouped 
functionally. 
This 
summary 
page 
is 
followed by a detailed description 
listed alphabetically 
by 
mnemonic 
opcode. 


The 
alphabetical 
listing 
includes 
the 
following 
information. 


• 
Mnemonic 


• 
Machine 
Code 


• 
Verbal Description 


• 
Symbolic 
Description 


• 
Assembly 
Language 
Example 


The machine code is represented 
with the most significant 
bit (7) to the left and two byte instructions 
are represented 
with the first byte on the left. 
The assembly 
language 
examples 
are formulated 
as follows: 


Arbitrary 


Label: Mnemonic, 
Operand; 


Descriptive 
Comment 


8048AH/87 48H/8049AH/8050AH/87 
49H 
Instruction 
Set Summary 


Mnemonic 
DelCrlpllon 
Bytel 
Cycle 


Accumulator 


ADD 
A, R 
Add 
register 
to A 
1 
1 


ADDA,@R 
Add data memory 
to A 
1 
1 


ADD 
A, # data 
Add immediate 
to A 
2 
2 


ADDC 
A, R 
Add 
register 
with 
carry 
1 
1 


ADDC 
A, 
Add data memory 
1 
1 


@R 
with 
carry 


ADDC 
A, 
Add immediate 
2 
2 


# data 
with carry 
ANLA, 
R 
And register 
to A 
1 
1 


ANLA,@R 
And data memory 
to A 
1 
1 


ANL A, # data 
And 
immediate 
to A 
2 
2 


ORLA, 
R 
Or register 
to A 
1 
1 


ORLA@R 
Or data memory 
to A 
1 
1 


ORL A, # data 
Or immediate 
to A 
2 
2 


XRL A, R 
Exclusive 
Or register 
1 
1 
toA 
XRLA,@R 
Exclusive 
or data 
1 
1 
memory 
to A 


XRL, A, # data 
Exclusive 
or 
2 
2 


immediate 
to A 


INCA 
Increment 
A 
1 
1 


DECA 
Decrement 
A 
1 
1 


CLRA 
Clear 
A 
1 
1 


CPLA 
Complement 
A 
1 
1 


DAA 
Decimal 
adjust 
A 
1 
1 


SWAP A 
Swap 
nibbles 
of A 
1 
1 


RLA 
Rotate 
A left 
1 
1 


RLCA 
Rotate 
A left 
1 
1 
through 
carry 
RRA 
Rotate 
A right 
1 
1 


RRCA 
Rotate 
A right 
1 
1 
through 
carry 


Input/Output 


INA, 
P 
Input 
port to A 
1 
2 
OUTL 
P, A 
Output 
A to port 
1 
2 
ANL 
P, # data 
And 
immediate 
to port 
2 
2 
ORL P, # data 
Or immediate 
to port 
2 
2 


"INSA, 
BUS 
Input 
BUS to A 
1 
2 


"OUTL 
BUS, A 
Output 
A to BUS 
1 
2 


"ANL 
BUS, 
And 
immediate 
to BUS 
2 
2 


# data 
"ORL 
BUS, 
Or immediate 
to BUS 
2 
2 
# data 
MOVD 
A, P 
Input 
Expander 
port 
1 
2 
toA 
MOVD 
P, A 
Output 
A to Expander 
1 
2 
port 
ANLD 
P, A 
And A to Expander 
port 
1 
2 
ORLD 
P, A 
Or A to Expander 
port 
1 
2 


Mnemonics 
copyright 
Intel Corporation 
1983. 
"For use with 
internal 
memory 
only. 


Mnemonic 
DelCrlptlon 
By tel 
Cyclel 


Regllte,. 


INCR 
Increment 
register 
1 
1 


INC@R 
Increment 
data memory 
1 
1 


DECR 
Decrement 
register 
1 
1 


Branch 


JMP addr 
Jump 
unconditional 
2 
2 


JMPP@A 
Jump 
indirect 
1 
2 
DJNZ 
R, addr 
Decrement 
register 
2 
2 
and jump 
JC addr 
Jump 
on carry = 1 
2 
2 
JNC 
addr 
Jump 
on carry = 0 
2 
2 


JZaddr 
Jump 
on A Zero 
2 
2 


JNZ 
addr 
Jump 
on A not Zero 
2 
2 
JTO addr 
Jump 
on TO = 1 
2 
2 
JNTO addr 
Jump 
on TO = 0 
2 
2 


JT1 addr 
Jump 
on T1 = 1 
2 
2 


JNT1 
addr 
Jump 
on T1 = 0 
2 
2 


JFO addr 
Jump 
on FO = 1 
2 
2 
JF1 addr 
Jump 
on F1 = 1 
2 
2 
JTF addr 
Jump 
on timer 
flag = 1 
2 
2 
JNI addr 
Jump 
on INT = 0 
2 
2 
JBb addr 
Jump 
on Accumulator 
2 
2 
Bit 


Subroutine 


CALL 
addr 
Jump 
to subroutine 
2 
2 
RET 
Return 
1 
2 
RETR 
Return 
and restore 
1 
2 
status 


Flagl 


CLR C 
Clear 
Carry 
1 
1 


CPLC 
Complement 
Carry 
1 
1 


CLR FO 
Clear 
Flag 0 
1 
1 
CPL FO 
Complement 
Flag 0 
1 
1 


CLR F1 
Clear 
Flag 1 
1 
1 


CPL F1 
Complement 
Flag 1 
1 
1 


Dalll Movel 


MOVA, 
R 
Move register 
to A 
1 
1 


MOVA,@R 
Move data memory 
1 
1 
toA 
MOV A, # data 
Move immediate 
to A 
2 
2 
MOVR, 
A 
Move A to register 
1 
1 
MOV@R,A 
Move A to data 
1 
1 


memory 
MOV R, # data 
Move immediate 
2 
2 
to register 
MOV@R, 
Move immediate 
to 
2 
2 


# data 
data memory 
MOVA, 
PSW 
Move PSW to A 
1 
1 
MOVPSW,A 
MoveAtoPSW 
1 
1 


8048AH/87 48H/8049AH/8050AH/87 
49H 
Instruction 
Set Summary 
(Con't) 


Mnemonic 
Description 
Byte. 
Cycle 


Dete Mow•• 
(Cont'd) 


XCH A, R 
Exchange 
A and 
1 
1 
register 
XCH A,@R 
Exchange 
A and 
1 
1 
data memory 
XCHDA,@R 
Exchange 
nibble 
of A 
1 
1 
and register 
MOYXA,@R 
Move external 
data 
1 
2 
memory 
toA 
MOYX@R,A 
Move A to external 
1 
2 
data memory 


MOYPA,@A 
Move to A from 
1 
2 
current 
page 
MOYP3A,@A 
Move to A from 
Page 3 
1 
2 


Timer/Counter 
MOVA, 
T 
Read Timer/Counter 
1 
1 
MOVT,A 
load 
Timer/Counter 
1 
1 
STRTT 
Start Timer 
1 
1 
STRTCNT 
Start Counter 
1 
1 
STOP 
TCNT 
Stop Timer/Counter 
1 
1 
EN TCNTI 
Enable 
Timer/Counter 
1 
1 
Interrupt 
DIS TCNTI 
Disable 
Timer/Counter 
1 
1 
Interrupt 


Mnemonic 
Description 
Byte. 
Cycle 


Control 
EN I 
Enable 
external 
1 
1 


Interrupt 
DIS I 
Disable 
external 
1 
1 


Interrupt 
SEl 
RBO 
Select 
register 
bank 0 
1 
1 


SEl 
RB1 
Select 
register 
bank 
1 
1 
1 


SEl 
MBO 
Select 
memory 
bank 0 
1 
1 


SEl 
MB1 
Select 
memory 
bank 
1 
1 
1 


ENTO ClK 
Enable 
clock 
output 
1 
1 
on TO 


NOP 
No Operation 
1 
1 


A 
AC 
addr 
Bb 
BS 
BUS 
C 
ClK 
CNT 
CRR 
D 
data 
DBF 
FO, F1 
I 
P 
PC 
Pp 
PSW 
Ri 
Rr 
SP 
T 
TF 
TO, T1 
X 
# 
@ 
$ 
(X) 


((X) 
) 


MCS®-48 INSTRUCTION 
SET 
Symbols and Abbreviations 
Used 


Accumulator 
Auxiliary 
Carry 
12-Bit 
Program 
Memory 
Address 
Bit Designator 
(b = 0-7) 
Bank Switch 
BUS Port 
Carry 
Clock 
Event Counter 
Conversion 
Result Register 
Mnemonic 
for 4-Bit 
Digit 
(Nibble) 
8-Bit 
Number 
or Expression 
Memory 
Bank Flip-Flop 
Flag 0, Flag 1 
Interrupt 
Mnemonic 
for "in-page" 
Operation 
Program 
Counter 
Port Designator 
(p = 1, 2 or 4-7) 
Program 
Status Word 
Data memory 
Pointer 
(i = 0, or 1) 
Register 
Designator 
(r = 0-7) 
Stack 
Pointer 
Timer 
Timer 
Flag 
Test 0, Test 1 
Mnemonic 
for External 
RAM 
Immediate 
Data Prefix 
Indirect 
Address 
Prefix 
Current 
Value of Program 
Counter 
Contents 
of X 
Contents 
of location 
Addressed 
by X 
Is Replaced 
by 


ADD A,Rr 
Add Register Contents to Accumulator 


Encoding: 
I 0 1 1 0 I 1 r r r I 
68H-6FH 


Description: 
The contents 
of register 'r' are added to the accumulator. 
Carry is 
affected. 


Operation: 
(A) - 
(A) + (Rr) 


Example: 
ADDREG: 
ADD A,R6 


r = 0-7 


;ADD REG 6 CONTENTS 
;TO ACC 


Encoding; I 0 1 1 0 I 0 0 0 i ] 


Description: 
The contents of the resident data memory location addressed by register 'i' bits 
0-5** 
are added to the accumulator. Carry is affected. 


Operation: 
(A) - 
(A) + ({Ri» 
i = 0-1 


Example: 
ADDM: 
MOV RO,#01FH 
;MOVE '1F' HEX TO REG 0 
ADD A, @RO 
;ADD VALUE OF LOCATION 
;31 TO ACC 


ADD A,#data 
Add Immediate 
Data to Accumulator 


Encoding: I 0 0 0 0 I 0 0 1 1 I 
I d7 d6 dS d4 I d3 d2 d1 dO I 
03H 


Description: 
This is a 2-cycle instruction. 
The specified 
data is added to the accumulator. 


Carry is affected. 


Operation: 
(A) - 
(A) + data 


Example: 
ADDID: 
ADD A,#ADDER: 
;ADD VALUE OF SYMBOL 
;ADDER' TO ACC 


ADDC 
A,Rr 
Add Carry and Register Contents to Accumulator 


Encoding: 
10 1 1 1 11 r r r I 
78H-7FH 


Description: 
The content 
of the carry bit is added to accumulator 
location 
0 and th.e carry 
bit cleared. The contents 
of register 'r' are then added to the accumulator. 


Carry is affected. 


Operation: 
(A) - 
(A) + (Rr) + (C) 


Example: 
ADDRGC: 
ADDC A,R4 


r = 0-7 


;ADD CARRY AND REG 4 
;CONTENTS 
TO ACC 


··0-5 
in 8048AH/8748H 


0-6 
in 8049AH/8749H 
0-7 
in 8050AH 


Encoding: 


Description: 


10 1 1 1 I 0 0 0 i I 
70H-71 H 


The content 
of the carry bit is added to accumulator 
location 0 and the carry bit 


cleared. Then the contents 
of the resident data memory 
location addressed 
by 


register 'i' bits 0-5** 
are added to the accumulator. 
Carry is affected. 


Operation: 
(A) - 
(A) + «Ri)) 
+ (C) 


Example: 
ADDMC: 
MOV R1,#40 
ADDCA,@R1 


i = 0-1 


;MOVE '40' DEC TO REG 1 
;ADD CARRY 
AND LOCATION 
40 


;CONTENTS 
TO ACC 


ADDC 
A,@data 
Add Carry 
and Immediate 
Data to Accumulator 


Encoding: 
10 0 0 1 I 0 0 1 1 I 
I d7 d6 dS d4 I d3 d2 d1 dO I 
13H 


Description: 
This is a 2-cycle 
instruction. 
The content 
of the carry 
bit is added 
to 
accumulator 
location 
0 and the carry 
bit cleared. 
Then the specified 
data is 
added 
to the accumulator, 
Carry 
is affected. 


Operation: 
(A) - 
(A) + data + (C) 


Example: 
ADDC 
A,#22S 
;ADD CARRY 
AND '22S' DEC 


;TO ACC 


ANL A,Rr 
Logical 
AND Accumulator 
with 
Register 
Mask 


Encoding: 
10 1 0 1 11 r r r I 
58H-SFH 


Description: 
Data in the accumulator 
is logically 
ANDed 
with the mask contained 
in 
working 
register 
'r', 


Operation: 
(A) - 
(A) AND (Rr) 


Example: 
ANDREG: 
ANL A,R3 


r = 0-7 


;'AND' ACC CONTENTS 
WITH MASK 


;IN REG 3 


ANL A,@RI 
Logical 
AND Accumulator 
with 
memory 
Mask 


Encoding: 
10 1 0 1 10 0 0 i I 
SOH-S1H 


Description: 
Data in the accumulator 
is logically 
ANDed 
with the mask contained 
in the 
data memory 
location 
referenced 
by register 
'j' bits O-S*·. 


Operation: 
(A) - 
(A) AND 
«Ri)) 


Example: 
ANDDM: 
MOV RO,#03FH 
ANL A,@RO 


··0-5 
in 8048AH/8748H 
0-6 in 8049AHl8749H 
0-7 in 8050AH 


i = 0-1 


;MOVE '3F' HEX TO REG 0 
;'AND' ACC CONTENTS 
WITH 


;MASK 
IN LOCATION 
63 


ANL A,#data 
Logical AND Accumulator 
with Immediate 
Mask 


Encoding: 
10 1 0 1 I 0 0 1 1 I 
Id7 d6 dS d41 d3 d2 d1 dOI 
S3H 


Description: 
This is a 2-cycle 
instruction. 
Data in the accumulator 
is logically 
ANDed 
with an immediately-specified 
mask. 


Operation: 
(A) - 
(A) AND data 


Examples: 
ANDID: 
ANL A,#OAFH 
;'AND' ACC CONTENTS 
;WITH MASK 10101111 
;'AND' ACC CONTENTS 
;WITH VALUE OF EXP 
;'3 + Xy/y' 


Encoding: 
11 0 0 1 11 0 0 0 I 
I d7 d6 dS d4 I d3 d2 d1 dOI 
98H 


Description: 
This is a 2-cycle 
instruction. 
Data on the BUS port is logically 
ANDed 
with an immediately-specified 
mask. This instruction 
assumes prior 
specification 
of an 'OUTL BUS, A' instruction. 


Operation: 
(BUS) - 
(BUS) AND data 


Example: 
ANDBUS: 
ANL BUS,#MASK 
;'AND' BUS CONTENTS 
;WITH MASK EQUAL VALUE 
;OF SYMBOL 'MASK' 


Encoding: 
11 001 
11 0 P pi 
Id7 d6 dS d41 d3 d2 d1 dol 
99H-9AH 


Description: 
This is a 2-cycle 
instruction. 
Data on port 'p' is logically 
ANDed with an 
immediately-specified 
mask. 


Operation: 
(Pp) - 
(Pp) AND DATA 


Example: 
ANDP2: 
ANL P2,#OFOH 


p = 1-2 


;'AND' PORT 2 CONTENTS 
;WITH MASK 'FO' HEX 
;(CLEAR P20-23) 


ANLD 
Pp,A 
Logical AND Port 4-7 with Accumulator 
Mask 


Encoding: 
11 0 0 1 11 1 P P I 
9CH-9FH 


Description: 
This is a 2-cycle 
instruction. 
Data on port 'p' is logically 
ANDed with the 
digit mask contained 
in accumulator 
bits 0-3. 


Operation: 
(Pp) - 
(Pp) AND (AO-3) 
P = 4-7 
Note: The mapping of port 'poto opcode bits 0-1 is as follows: 


10 
Port 


00 
4 
01 
5 
10 
6 
1 1 
7 


Example: 
ANDP4: 
ANLD P4,A 
;'AND' PORT 4 CONTENTS 
;WITH ACC BITS 0-3 


CALL address 
Subroutine 
Call 


Encoding: I a10 a9 as 1 I 0 1 0 0 I 
Ia7 a6 a5 a41 a3 a2 a1 aOI 


Page 
Hex Op Code 
o 
14 
1 
34 
2 
54 
3 
74 
4 
94 
5 
B4 
6 
04 
7 
F4 


Description: 
This is a 2-cycle instruction. 
The program counter 
and PSW bits 4-7 are 
saved in the stack. The stack pointer 
(PSW bits 0-2) is updated. Program 
control 
is then passed to the location 
specified 
by 'address'. PC bit 11 is 
determined 
by the most recent SEL MB instruction. 


A CALL cannot begin in locations 
2046-2047 or 4094-4095. Execution 


continues 
at the instruction 
following 
the CALL upon return from the 
subroutine. 


Operation: 
«SP)) - 
(PC), (PSW4-7) 
(SP) - 
(SP) + 1 
(PCS-lO) - 
(addrS_10) 
(PCO-7) - 
(addrO_7) 
(PC11) - 
DBF 


Example: 
Add three groups 
of two numbers. 
Put subtotals 
in locations 
50, 51 and 
total 
in location 
52. 


ADD A,R2 
CALL 
SUBTOT 
ADDC 
A R3 
ADDC 
A,R4 
CALL 
SUBTOT 
ADDC 
A,R5 
ADDC 
A,R6 
CALL 
SUBTOT 
SUBTOT: 
MOV @RO,A 


INC RO 
RET 


;MOVE '50' DEC TO ADDRESS 
;REGO 
;MOVE CONTENTS 
OF REG 1 
;TO ACC 
;ADD REG 2 TO ACC 
;CALL 
SUBROUTINE 
'SUBTOT' 


;ADD REG 3 TO ACC 
;ADD REG 4 TO ACC 
;CALL 
SUBROUTINE 
'SUBTOT' 
;ADD REG 5 TO ACC 
;ADD REG 6 TO ACC 
;CALL 
SUBROUTINE 
'SUBTOT' 


;MOVE CONTENTS 
OF ACC TO 
;LOCATION 
ADDRESSED 
BY 
;REG 0 
;INCREMENT 
REG 0 


;RETURN 
TO MAIN 
PROGRAM 


Encoding: 


Description: 


Operation: 


10 0 1 0 I 0 1 1 1 I 
27H 


The contents 
of the accumulator 
are cleared 
to zero. 
A-O 


CLR C 
Clear Carry Bit 


Encoding: 
11 0 0 1 I 0 1 1 1 I 
97H 


Description: 
During 
normal 
program 
execution, 
the carry 
bit can be set to one by the 
ADD, ADDC, 
RLC, CPL C, RRC, and DAA insructions. 
This instruction 
resets the carry 
bit to zero. 


Operation: 
C - 
0 


Encoding: 
11 0 1 0 I 0 1 0 1 I 
ASH 


Description: 
Flag 1 is cleared 
to zero. 


Operation: 
(F1) - 
0 


Encoding: 
11 0 0 0 I 0 1 0 1 I 
8SH 


Description: 
Flag 0 is cleared to zero. 


Operation: 
(FO) - 
0 


CPL A 
Complement 
Accumulator 


Encoding: I 0 0 1 1 I 0 1 1 1 I 
37H 


Description: 
The contents 
of the accumulator 
are complemented. 
This is strictly 
a one's 
complement. 
Each one is changed to zero and vice-versa. 


Operation: 
(A) - 
NOT (A) 


Example: 
Assume accumulator 
contains 
01101010. 
CPLA: 
CPL A 
;ACC CONTENTS 
ARE COMPLE- 
;MENTED TO 10010101 


CPL C 
Complement 
Carry Bit 


Encoding: 
11 0 1 0 I 0 1 1 1 1 
A7H 


Description: 
The setting of the carry bit is complemented; 
one is changed to zero, and 
zero is changed to one. 


Operation: 
(C) - 
NOT (C) 


Example: 
Set C to one; current 
setting is unknown. 


CT01: 
CLR C 
;C IS CLEARED TO ZERO 
CPL C 
;C IS SET TO ONE 


Encoding: 
11 0 0 1 I 0 1 0 11 
9SH 


Description: 
The setting of flag 0 is complemented; 
one is changed to zero, and zero is 
changed to one. 


Operation: 
FO- 
NOT (FO) 


Encoding: 
11 0 1 1 I 0 1 0 11 
BSH 


Description: 
The setting of flag 1 is complemented; 
one is changed to zero, and zero is 
changed to one. 


Operation: 
(F1) - 
NOT (F1) 


DA A 
Decimal Adjust Accumulator 


Encoding: I 0 1 0 1 I 0 1 1 1 I 
57H 


Description: 
The 8-bit accumulator 
value is adjusted to form two 4-bit Binary Coded 
Decimal (BCD) digits following 
the binary addition 
of BCD numbers. 
The carry bit C is affected. 
If the contents 
of bits 0-3 are greater than nine, 


or if AC is one, the accumulator 
is incremented 
by six. 


The four high-order 
bits are then checked. 
If bits 4-7 exceed nine, or if 
C is one, these bits are increased 
by six. If an overflow 
occurs, 
C is set 
to one. 


Example: 
Assume accumulator 
contains 
10011011. 
DA A 
;ACC Adjusted 
to 00000001 
;WITH C SET 
C AC 7 
4 3 
0 
0010011011 
00000110 
o 
10100001 
o 1 1 0 
o 
000 
0 0 0 0 
ADD SIX TO BITS 4-7 
OVERFLOW TO C 


Encoding: I 0 0 0 0 I 0 1 1 1 I 
07H 


Description: 
The contents 
of the accumulator 
are decremented 
by one. The carry flag 
is not affected. 


Operation: 
(A) - 
(A) -1 


Example: 
Decrement 
contents 
of external 
data memory location 
63. 
MOV RO,#3FH 
;MOVE '3F' HEX TO REG 0 
MOVX A, @RO 
;MOVE CONTENTS 
OF 
;LOCATION 
63 TO ACC 
;DECREMENT 
ACC 


;MOVE CONTENTS 
OF ACC TO 
;LOCATION 
63 IN EXPANDED 
;MEMORY 


DEC A 
MOVX@RO,A 


Encoding: 
11 1 0 0 11 r r r I 
C8H-CFH 


Description: 
The contents 
of working 
register 'r' are decremented 
by one. 


Operation: 
(Rr) - 
(Rr) -1 
r = 0-7 


Example: 
DECR1: 
DEC R1 
;DECREMENT 
CONTENTS 
OF REG 1 


Encoding: I 0 0 0 1 I 0 1 0 1 I 
15H 


Description: 
External interrupts 
are disabled. A low signal on the interrupt 
input pin has 
no effect. 


Encoding: 
I 0 0 1 1 I 0 1 0 1 I 
35H 


Description: 
Timer/counter 
interrupts 
are disabled. Any pending timer interrupt 
request 
is cleared. The interrupt 
sequence is not initiated 
by an overflow, but the 
timer flag is set and time accumulation 
continues. 


INC RO 
DJNZ R3, INCRT 


Encoding: 
10 0 0 0 I 0 1 0 1 I 
05H 


Description: 
External interrupts 
are enabled. A low signal on the interrupt 
input pin 
initiates the interrupt 
sequence. 


Encoding: I0 0 1 0 I 0 1 0 1 I 
25H 


Description: 
Timer/counter 
interrupts 
are enabled. An overflow 
of the timer/counter 
initiates the interrupt 
sequence. 


Encoding: 
10 1 1 1 I 0 1 0 1 I 
75H 


Description: 
The test 0 pin is enabled to act as the clock output. 
This function 
is 
disabled 
by a system reset. 


Example: 
EMTSTO: ENTO ClK 
;ENABlE 
TO AS CLOCK OUTPUT 


IN A,Pp 
Input Port or Data to Accumulator 


Encoding: 
10 0 0 0 11 0 P pi 
09H-OAH 


Description: 
This is a 2-cycle 
instruction. 
Data present on port 'p' is 
transferred 
(read) to the accumulator. 


Operation: 
(A) - 
(Pp) 
INP12: 
1':'1 A,P1 
MOV R6,A 
IN A,P2 
MOV R7,A 


p = 1-2 
;INPUT PORT 1 CONTENTS 
TO ACC 
;MOVE ACC CONTENTS 
TO REG 6 
;INPUT PORT 2 CONTENTS 
TO ACC 
;MOVE ACC CONTENTS 
TO REG 7 


INe 
A 
Increment 
Accumulator 


Encoding: I0 0 0 1 I 0 1 1 11 
17H 


Description: 
The contents 
of the accumulator 
are incremented 
by one. Carry is not 
affected. 


Operation. 
(A) - 
(A) +1 


Example: 
Increment 
contents 
of location 
100 in external data memory. 
INCA: 
MOV RO,#100 
;MOVE '100' DEC TO ADDRESS 
REG 0 
MOVX A,@RO 
;MOVE CONTENTS 
OF LOCATION 
;100 TO ACC 
INC A 
;INCREMENT 
A 
MOVX @RO,A 
;MOVE ACC CONTENTS 
TO 


;LOCATION 
101 


INC Rr 
Increment 
Register 


Encoding: 
10 0 0 1 11 r r r I 
18H-1FH 


Description: 
The contents 
of working 
register 'r' are incremented 
by one. 


Operation: 
(Rr) - 
(Rr) + 1 
r = 0-7 


Example: 
INCRO: INC RO 
;INCREMENT 
CONTENTS 
OF REG 0 


INC @R1 Increment 
Data Memory 
Location 


Encoding: 
10 0 0 1 100 
0 i I 
10H-11H 


Description: 
The contents of the resident data memory location addressed by register 'i' bits 
0-5** 
are incremented by one. 


Operation: 
((Ri)) - 
((Ri)) 
+ 1 


Example: 
INCDM: 
MOV R1,#03FH 
INC @R1 


i = 0-1 


;MOVE ONES TO REG 1 
;INCREMENT 
LOCATION 
63 


INS A,BUS· 
Strobed 
Input of BUS Data to Accumulator 


Encoding: 
10 0 0 0 I 1 0 0 0 I 
08H 


Description: 
This is a 2-cycle 
instruction. 
Data present on the BUS port is transferred 
(read) to the accumulator 
when the RD pulse is dropped. 
(Refer to section 
on programming 
memory expansion 
for details.) 


Operation: 
(A) - 
(BUS) 


Example: 
INPBUS: 
INS A,BUS 


• For use with internal 
program 
memory 
ONLY . 


•• 0-5 
in 8048AH/8748H 


0-6 
in 8049AH/8749H 


0-7 
in 80SOAH 


JBb address 
Jump If Accumulator 
Bit Is Set 


Encoding: Ib2 b1 bO 1 I0 0 1 0 I 
I a7 a6 a5 a4 Ia3 a2 a1 aO I 


Accumulator 
Bit 
Hex Op Code 
o 
12 
1 
32 
2 
52 
3 
72 
4 
92 
5 
B2 
6 
D2 
7 
F2 


Description: 
This is a 2.-cycle instruction. 
Control 
passes to the specified 
address if 
accumulator 
bit 'b' is set to one. 


(PCO-7) - 
addr 
(PC) = (PC) + 2 
Example: 
JB4IS1: 
JB4 NEXT 


b = 0-7 
If Bb = 1 
If Bb = 0 
;JUMP TO 'NEXT' ROUTINE 
;IF ACC BIT 4 = 1 


JC address 
Jump If Carry Is Set 


Encoding: 
11 1 1 1 I 0 1 1 0 I 
Ia7 a6 a5 a4 I a3 a2 a1 aO I 
F6H 


Description: 
This is a 2-cycle 
instruction. 
Control 
passes to the specified 
address if the 


carry bit is set to one. 


Operation: 
(PCO-7) - 
addr 
(PC) = (PC) + 2 


Example: 
JC1: JC OVFLOW 


If C = 1 
If C = 0 


;JUMP TO 'OVFLOW' 
ROUTINE 


;IF C = 1 


JFO address 
Jump If Flag 0 Is Set 


Encoding: 
11 0 1 1 I 0 1 1 0 I 
Ia7 a6 a5 a4 Ia3 a2 a1 aO I 
B6H 


Description: 
This is a 2-cycle 
instruction. 
Control 
passes to the specified 
address if 
flag 0 is set to one. 


Operation: 
(PCO-7) - 
addr 
(PC) =(PC) + 2 


Example: 
JFOIS1: JFO TOTAL 


If FO = 1 
If FO = 0 


;JUMP TO 'TOTAL' 
ROUTINE 
IF FO= 1 


JF1 address 
Jump If Flag 1 Is Set 


Encoding: 
10 1 1 1 I 0 1 1 0 I 
1a7 a6 a5 a4 I a3 a2 a1 ao I 
76H 


Description: 
This is a 2-cycle 
instruction. 
Control 
passes to the.specified 
address if 
flag 1 is set to one. 


Operation: 
(PCO-7) - 
addr 
(PC) =(PC + 2) 


Example: 
JF1IS1: 
JF1 FILBUF 


If F1 = 1 
If F1 = 0 


;JUMP TO 'FILBUF 
;ROUTINE 
IF F1 = 1 


JMP address 
Direct Jump within 2K Block 


Encoding: IalO 
a9 a8 0 I 0 1 0 0I 
I a7 a6 a5 a41 a3 a2 a1 aOr 


Page 
Hex Op Code 
o 
04 
1 
24 
2 
44 
3 
64 
4 
84 
5 
A4 
6 
C4 
7 
E4 


Description: 
This is a 2-cycle 
instruction. 
Bits 0-10 of the program 
counter 
are replaced 
with the directly-specified 
address. The setting of PC bit 11 is 
determined 
by the most recent SELECT MB instruction. 


Operation: 
(PC8-1O) - 
addr 8-10 
(PCO-7) - 
addr 0-7 
(PC11) - 
DBF 


Example: 
JMP SUBTOT 
;JUMP TO SUBROUTINE 
'SUBTOr 
JMP $-6 
;JUMP TO INSTRUCTION 
SIX 
;LOCATIONS 
BEFORE CURRENT 
;LOCATION 
JMP 2FH 
;JUMP TO ADDRESS '2F' HEX 


JMPP @A 
Indirect Jump within Page 


Encoding: 
11 0 1 1 I 0 0 1 1 I 
B3H 


Description: 
This is a 2-cycle 
insruction. 
The contents 
of the program 
memory location 
pointed to by the accumulator 
are substituted 
for the 'page' portion 
of the 
program 
counter 
(PC bits 0-7). 


Operation: 
(PCO-7) - 
((A)) 


Example: 
Assume accumulator 
contains 
OFH. 


JMPPAG: 
JMPP @A 
;JUMP TO ADDRESS STORED 
IN 
;LOCATION 
15 IN CURRENT 
PAGE 


JNC address 
Jump If Carry Is Not Set 


Encoding: 
11 1 1 0 I 0 1 1 0 I 
Ia7 a6 a5 a4 I a3 a2 a1 aOI 
E6H 


Description: 
This is a 2-cycle 
instruction. 
Control 
passes to the specified 
address if 
the carry bit is not set, that is, equals zero. 


Operation: 
(PCO-7) - 
addr 
(PC) = (PC) + 2 


Example: 
JCO: JNC NOVFLO 


If C = 0 
If C = 1 


;JUMP TO 'NOVFLO' 
ROUTINE 
;IF C = 0 


JNI address 
Jump If Interrupt 
Input Is Low 


Encoding: 
11 0 0 0 I 0 1 1 0 I 
Ia7 a6 a5 a4 I a3 a2 a1 aOI 
86H 


Description: 
This is a 2-cycle 
instruction. 
Control 
passes to the specified 
address if the 
interrupt 
input signal is low (= 0), that is, an external 
interrupt 
has been 
signaled. 
(This signal initiates an interrupt 
service sequence 
if the external 
interrupt 
is enabled.) 


Operation: 
(PCO-7) - 
addr 
(PC) = (PC) + 2 
Example: 
LOC 3: JNI EXTINT 


If I = 0 
If I = 1 
;JUMP TO 'EXTINT 
ROUTINE 
;IF I = 0 


JNTO address 
Jump If Test 0 Is Low 


Encoding: I 0 0 1 0 I 0 1 1 0 I 
Ia7 a6 a5 a41 a3 a2 a1 aOI 
26H 


Description: 
This is a 2-cycle 
instruction. 
Control 
passes to the specified 
address, if the 
test 0 signal is low. 


Operation: 
(PCO-7) - 
addr 
(PC) = (PC) + 2 


Example: 
JTOLOW: JNTO 60 


If TO = 0 
IfTO = 1 


;JUMP TO LOCATION 
60 DEC 
;IFTO=O 


JNT1 address 
Jump If Test 1 Is Low 


Encoding: 
10 1 0 0 I 0 1 1 0 I 
I a7 as a5 a4 I a3 a2 a1 aOI 
4SH 


Description: 
This is a 2-cycle 
instruction. 
Control 
passes to the specified 
address, if 
the test 1 signal is low. 


Operation: 
(PCO-7) - 
addr 
(PC) = (PC) + 2 
If T1 = 0 
IfT1 = 1 


JNZ Address 
Jump If Accumulator 
Is Not Zero 


Encoding: 
11 0 0 1 I 0 1 1 0 I 
I a7 as a5 a4 I a3 a2 a1 aOI 
9SH 


Description: 
This is a 2-cycle instruction. 
Control 
passes to the specified 
address if the 
accumulator 
contents 
are nonzero at the time this instruction 
is executed. 


Operation: 
(PCO-7) - 
addr 
(PC) = (PC) + 2 


Example: 
JACCNO: 
JNZ OASH 


If A"'" 0 
If A = 0 


;JUMP TO LOCATION 
'AS' HEX 


;IF ACC VALUE IS NONZERO 


JTF address 
Jump If Timer Flag Is Set 


Encoding: I0 0 0 1 I 0 1 1 0 I 
Ia7 as a5 a4 I a3 a2 a1 aOI 
1SH 


Description: 
This is a 2-cycle instruction. 
Control 
passes to the specified 
address if the 
timer flag is set to one, that is, the timer/counter 
register has overflowed. 


Testing the timer flag resets it to zero. (This overflow 
initiates 
an interrupt 
service sequence if the timer-overflow 
interrupt 
is enabled.) 


Operation: 
(PCO-7) - 
addr 
(PC) = (PC) + 2 


Example: 
JTF1: JTF TIMER 


If TF = 1 
If TF = 0 


;JUMP TO 'TIMER' ROUTINE 
;IF TF = 1 


10 0 1 1 I 0 1 1 0 I 
I a7 as a5 a41 a3 a2 a1 aOI 
3SH 


This is a 2-cycle instruction. 
Control 
passes to the specified 
address if 
the test 0 signal is high (= 1). 


(PCO-7) - 
addr 
(PC) = (PC) + 2 


JTOHI: JTO 53 


If TO = 1 
IfTO = 0 


;JUMP TO LOCATION 
53 DEC 


;IF TO = 1 


Encoding: 


Description: 


JT1 address 
Jump If Test 1 Is High 


Encoding: I 0 1 0 1 I 0 1 1 0 I 
I a7 a6 as a4 I a3 a2 a1 aOI 
S6H 


Description: 
This is a 2-cycle 
instruction. 
Control 
passes to the specified 
address 
if the 
test 1 signal 
is high 
(= 1). 


Operation: 
(PCO-7) - 
addr 
(PC) = (PC) + 2 


Example: 
JT1 HI: JT1 COUNT 


If T1 = 1 
IfT1 
= 0 


;JUMP 
TO 'COUNT' 
ROUTINE 
;IFT1=1 


JZ address 
Jump If Accumulator 
Is Zero 


Encoding: 
11 1 0 0 I 0 1 1 0 I 
I a7 a6 as a4 I a3 a2 a1 aOI 
C6H 


Description: 
This is a 2-cycle 
instruction. 
Control 
passes to the specified 
address 
if 
the accumulator 
contains 
all zeros at the time this instruction 
is executed. 


Operation: 
(PCO-7) - 
addr 
(PC) = (PC) + 2 


Example: 
JACCO: 
JZ OA3H 


If A = 0 
If A # 1 


;JUMP 
TO LOCATION 
'A3' HEX 
;IF ACC VALUE 
IS ZERO 


MOY A,#data 
Move Immediate 
Data to Accumulator 


Encoding: I 0 0 1 0 I 0 0 1 1 I 
I a7 a6 as a4 I a3 a2 a1 aOI 
23H 


Description: 
This is a 2-cycle 
instruction. 
The a-bit value specified 
by 'data' 
is loaded 
in the accumulator. 


Operation: 
(A) - 
data 


Example: 
MOV A,#OA3H 


MOY A,PSW 
Move PSW Contents to Accumulator 


Encoding: 
11 1 0 0 liliiJ 
C7H 


Description: 
The contents 
of the program 
status 
word 
are moved 
to the accumulator. 


Operation: 
(A) - 
(PSW) 


Example: 
Jump 
to 'RB1SET' 
routine 
if PSW bank switch,bit 
4, is set. 


BSCHK: 
MOV A,PSW 
;MOVE 
PSW CONTENTS 
TO ACC 
JB4 RB1SET 
;JUMP 
TO 'RB1SET' 
IF ACC BIT 4 = 1 


MOV A,Rr 
Move Register Contents 
to Accumulator 


Encoding: 
11 1 1 1 11 r r r I 
F8H-FFH 


Description: 
8-bits of data are removed from working 
register 'r' into the accumulator. 


Operation: 
(A) - 
(Rr) 
r = 0-7 


Example: 
MAR: MOV A,R3 
;MOVE CONTENTS 
OF REG 3 TO ACC 


MOV A,@Rj 
Move Data Memory Contents to Accumulator 


Encoding 
11 1 1 1 I 0 0 0 i I 
FOH-F1 H 


Description: 
The contents of the resident data memory location addressed by bits 0-5** 
of 
register 'i' are moved to the accumulator. Register 'i' contents are unaffected. 


Operation: 
(A) - 
((Ri» 


Example: 
Assume R1 contains 
00110110. 
MADM: 
MOV A,@R1 
;MOVE CONTENTS 
OF DATA MEM 
;LOCATION 
54 TO ACC 


MOV A,T 
Move Timer/Counter 
Contents 
to Accumulator 


Encoding: 
I 0 1 0 0 I 0 0 1 0 I 
42H 


Description: 
The contents 
of the timer/event-counter 
register are moved to the 
accumulator. 


Operation: 
(A) - 
(T) 


Example: 
Jump to "EXIT" 
routine when timer reaches '64', that is, when bit 6 set- 
assuming 
initialization 
64, 
TIMCHK: 
MOV A,T 
JB6 EXIT 
;MOVE TIMER CONTENTS 
TO ACC 
;JUMP TO 'EXIT' IF ACC BIT 6 = 1 


MOV PSW,A 
Move Accumulator 
Contents 
to PSW 


Encoding: 
11 1 0 1 I 0 1 1 1 I 
D7H 


Description: 
The contents 
of the accumulator 
are moved into the progam status word. 


All condition 
bits and the stack pointer 
are affected 
by this move. 


Operation: 
(PSW) - 
(A) 


Example: 
Move up stack pointer 
by two memory locations, 
that is, increment 
the 
pointer 
by one. 
INCPTR: 
MOV A,PSW 
INCA 
MOV PSW,A 


;MOVE PSW CONTENTS 
TO ACC 


;INCREMENT 
ACC BY ONE 


;MOVE ACC CONTENTS 
TO PSW 


•• 0-5 in 8048AH/8748H 
0-6 in 8049AH/8749H 
0-7 in 8050AH 


MOV Rr,A 
Move Accumulator 
Contents to Register 


Encoding: 
11 0 1 0 11 r r r I 
A8H-AFH 


Description: 
The contents 
of the accumulator 
are moved to register 'r', 


Operation: 
(Rr) - 
(A) 
r = 0-7 


Example: 
MRA: MOV RO,A 
;MOVE CONTENTS 
OF ACC TO REG 0 


MOV Rr,#data 
Move Immediate 
Data to Register 


Encoding: 
11 0 1 1 11 r2 r1 rOI 
1d7 d6 dS d4 I d3 d2 d1 dO I 
B8H-BFH 


Description: 
This is a 2-cycle 
instruction, 
The 8-bit value specified 
by 'data' is moved to 
register'r', 


Operation: 
(Rr) - 
data 


Examples: 
MIR4: 
MOV R4,#HEXTEN 


r = 0-7 


;THE VALUE OF THE SYMBOL 
;'HEXTEN' 
IS MOVED INTO REG 4 
;THE VALUE OF THE EXPRESSION 
;'PI·(R·R)' 
IS MOVED INTO REG 5 
;'AD' HEX IS MOVED INTO REG 6 


MOV @ RI,A 
Move Accumulator 
Contents to Data Memory 


Encoding: 
11 0 1 0 10 0 0 i I 
AOH-A1H 


Description: 
The contents 
of the accumulator 
are moved to the resident data memory 
location 
whose address is specified 
by bits 0-5·· 
of register 
'j', Register 'i' 


contents 
are unaffected, 


Operation: 
((Ri)) 
- 
(A) 


Example: 
Assume ROcontains 
00000111. 
MDMA: 
MOV@RO,A 
;MOVE CONTENTS 
OF ACC TO 
;LOCATION 
7 (REG 7) 


MOV @ Rj,#data 
Move Immediate Data to Data memory 


Encoding: 
11 0 1 1 I 0 0 0 i I 
I d7 d6 dS d4 I d3 d2 d1 dO I 
BOH-B1 H 


Description: 
This is a 2-cycle instruction. The 8-bit value specified by 'data' is moved 
to th.eresident data memory location addressed by register 'i', bits 0-5**. 


Operation: 
((Ri)) +- data 
i = 0-1 


Examples: 
Move the hexadecimal 
value AC3F to locations 
62-63. 


MIDM: 
MOV RO,#62 
;MOVE '62' DEC TO AD DR REG 0 
MOV @RO,#OACH 
;MOVE 'AC' HEX TO LOCATION 
62 
INC RO 
;INCREMENT 
REG 0 to '63' 
MOV @RO,#3FH 
;MOVE '3F' HEX TO LOCATION 
63 


** 0-5 in 8048AH/8748H 
0-6 in 8049AH/8749H 
0-7 in 8050AH 


MOV T,A 
Move Accumulator 
Contents to Timer/Counter 


Encoding: 
I 0 1 1 0 I 0 0 1 0 I 
62H 


Description: 
The contents 
of the accumulator 
are moved to the timer/event-counter 
register. 


Operation: 
(T) - 
(A) 


Example: 
Initialize 
and start event counter. 


INITEC: 
CLR A 
MOVT,A 
START CNT 


;CLEAR ACC TO ZEROS 
;MOVE ZEROS TO EVENT COUNTER 
;START COUNTER 


MOVD 
A,Pp 
Move Port 4-7 Data to Accumulator 


Encoding: 
I 0 0 0 0 11 1 P P I 
OCH-OFH 


Description: 
This is a 2-cycle 
instruction. 
Data on 8243 port 'p' is moved (read) to 
accumulator 
bits 0-3. Accumulator 
bits 4-7 are zeroed. 


Operation: 
(0-3) - 
(Pp) 
(4-7) - 
0 


Note: Bits 0-7 of the opcode are used to represent 
ports 4-7. 
If you are 
coding 
in binary rather than assembly 
language, 
the mapping 
is as 
follows: 


Bits 1 0 
Port 
00 
4 
01 
5 
10 
6 
1 1 
7 


Example: 
INPPT5: 
MOVD A,P5 
;MOVE PORT 5 DATA TO ACC 
;BITS 0-3, ZERO ACC BITS 4-7 


MOVD 
Pp,A 
Move Accumulator 
Data to Port 4-7 


Encoding: I 0 0 1 1 11 1 P P I 
3CH-3FH 


Description: 
This is a 2-cycle 
instruction. 
Data in accumulator 
bits 0-3 is moved 
(written) 
to 8243 port 'p'. Accumulator 
bits 4-7 are unaffected. 
(See NOTE 
above regarding 
port mapping.) 


Operation: 
(Pp) - 
(AO-3) 
P = 4-7 


Example: 
Move data in accumulator 
to ports 4 and 5. 


OUTP45: 
MOVD P4,A 
SWAP A 
MOVD P5,A 


;MOVE ACC BITS 0-3 TO PORT 4 
;EXCHANGE 
ACC BITS 0-3 and 4-7 
;MOVE ACC BITS 0-3 TO PORT 5 


MOVP A,@A 
Move Current Page Data to Accumulator 


Encoding: 
11 0 1 0 I 0 0 1 1 I 
A3H 


Description: 
The contents 
of the program memory location 
addressed by the 
accumulator 
are move'! to the accumulator. 
Only bits 0-7 of the program 
counter are affected, limiting 
the program 
memory reference to the 
current 
page. The program counter 
is restored following 
this operation. 


Operation: 
(PCO-7) - 
(A) 
(A) - 
((PC)) 
Note: This is a 1-byte, 2-cycle instruction. 
If it appears in location 
255 of a 
program 
memory page, @A addresses a location 
in the following 
page. 


Example: 
MOV128: 
MOV A,#128 
MOVPA,@A 
;MOVE '128' DEC TO ACC 
;CONTENTS 
OF 129th LOCATION 
IN 
;CURRENT PAGE ARE MOVED TO ACC 


MOVP3 A,@A 
Move Page 3 Data to Accumulator 


Encoding: 
11 1 1 OJ 0 0 1 1 I 
E3H 


Description: 
This is a 2-cycle instruction. 
The contents 
of the program 
memory location 
(within 
page :}) addressed by the accumulator 
are moved to the 
accumulator. 
The program counter 
is restored following 
this operation. 


Operation: 
(PCO-7) - 
(A) 
(PC8-11) - 
0011 
(A) - 
((PC)) 


Example: 
Look up ASCII equivalent 
of hexadecimal 
code in table contained 
at the 
beginning 
of page 3. Note that ASCII characters 
are designated 
by a 
7-bit code; the eighth bit is always reset. 
TABSCH: 
MOV A,#OB8H 
;MOVE 'B8' HEX TO ACC (10111000) 
ANL A,#7FH 
;LOGICAL 
AND ACC TO MASK BIT 
;7 (00111000) 
MOVP3 A,@A 
;MOVE CONTENTS 
OF LOCATION 
'38' 
;HEX IN PAGE 3 TO ACC (ASCII '8') 
Access contents 
of location 
in page 3 labelled TAB1. 
Assume current 
program location 
is not in page 3. 
TABSCH: 
MOV A,#LOW TAB 1 
;ISOLATE BITS 0-7 OF LABEL 
;ADDRESS VALUE 
MOVP3 A,@A 
;MOVE CONTENTS 
OF PAGE 3 
;LOCATION 
LABELED 'TAB1' TO ACC 


MOVX A,@RI 
Move External-Data-Memory 
Contents to Accumulator 


Encoding: 
11 000 
I 00 
0 i I 
80H-81H 


Description: 
This is a 2-cycle instruction. 
The contents 
of the external data memory 
location 
addressed by register 'i' are moved to the accumulator. 
Register 'i' 


contents are unaffected. 
A read pulse is generated. 


Operation: 
(A) - 
((Ri» 


Example: 
Assume R1 contains 01110110. 
MAXDM: 
MOVX A,@R1 
;MOVE CONTENTS 
OF LOCATION 


;118 TO ACC 


MOVX @Rj,A 
Move Accumulator Contents to External Data Memory --------- 


Encoding: 
11 0 0 1 10 0 0 i [ 
90H-91 H 


Description: 
This is a 2-cycle instruction. 
The contents 
of the accumulator 
are moved to 
the external data memory location 
addressed by register 'i'. Register 'i' 


contents 
are unaffected. 
A write pulse is generated. 


Operation: 
((Ri» - 
A 


Example: 
Assume ROcontains 
11000111. 


MXDMA: 
MOVX @RO,A 
;MOVE CONTENTS 
OF ACC TO 


;LOCATION 
199 IN EXPANDED 


;DATA MEMORY 


NOP 
The NOP Instruction 


Encoding: 
I0 0 0 0 I 0 0 0 0 1 
OOH 


Description: 
No operation 
is performed. 
Execution 
continues 
with the following 
instruction. 


ORL A,Rr 
Logical OR Accumulator 
With Register Mask 


Encoding: I0 1 0 0 11 r r r I 
48H-4FH 


Description: 
Data in the accumulator 
is logically 
ORed with the mask contained 
in 
working 
register 'r'. 


Operation: 
(A) - 
(A) OR (Rr) 


Example: 
ORREG: ORL A,R4 


r = 0-7 


;'OR' ACC CONTENTS 
WITH 
;MASK IN REG 4 


ORL A,@RI 
Logical OR Accumulator 
With Memory 
Mask 


Encoding: 
10 1 0 0 10 0 0 i I 
40H-41H 


Description: 
Data in the accumulator is logically ORed with the mask contained in the 
resident data memory location referenced by register "i", bits 0-5**. 


Operation: 
(A) - 
(A) OR ((Ri)) 
i = 0-1 


Example: 
ORDM: 
MOV RO,#3FH 
;MOVE '3F' HEX TO REG 0 
ORL A,@RO 
;'OR' AC CONTENTS 
WITH MASK 
;IN LOCATION 
S3 


ORL A,#data 
Logical OR Accumulator 
With Immediate 
Mask 


Encoding: 
10 1 0 0 I 0 0 1 1 I 
Id7 dS dS d4 I d3 d2 d1 do' 
43H 


Description: 
This is a 2-cycle 
instruction. 
Data in the accumulator 
is logically 
ORed with 
an immediately-specified 
mask. 


Operation: 
(A) - 
(A) OR data 


Example: 
ORID: 
ORL A,#'X' 
;'OR' ACC CONTENTS 
WITH MASK 
;01011000 (ASCII VALUE OF 'X') 


ORL BUS,#data* 
Logical OR BUS With Immediate 
Mask 


Encoding: 
11 0 0 0 11 0 0 0 I 
Id7 dS dS d4 I d3 d2 d1 dOI 
88H 


Description: 
This is a 2-cycle 
instruction. 
Data on the BUS port is logically 
ORed with an 
immediately-specified 
mask. This instruction 
assumes prior specification 
on an 'OUTL 
BUS,A' instruction. 


Operation: 
(BUS) - 
(BUS) OR data 


Example: 
ORBUS: 
ORL BUS,#HEXMSK 
:'OR' BUS CONTENTS 
WITH MASK 
;EQUAL VALUE OF SYMBOL 'HEXMSK' 


ORL Pp, #data 
Logical OR Port 1 or 2 With Immediate 
Mask 


Encoding: 
1100011 
0 p pi 
Id7 
dS dS d41 
d3 d2 d1 dol 
89H-8AH 


Description: 
This is a 2-cycle 
instruction. 
Data on port 'p' is logically 
ORed with an 
immediately-specified 
mask. 


Operation: 
(Pp) - 
(Pp) OR data 


Example: 
ORP1: ORL P1, #OFFH 


p = 1-2 


;'OR' PORT 1 CONTENTS 
WITH MASK 
;'FF' HEX (SET PORT 1 TO ALL ONES) 


• For use with internal 
program 
memory 
ONLY. 


··0-5 
in 8048AH/8748H 
0-6 in 8049AH/8749H 
0-7 in 8050AH 


ORLD Pp,A 
Logical OR Port 4-7 With Accumulator 
Mask 


Encoding: 
11 0 0 0 11 1 P P I 
8CH-8FH 


Description: 
This is a 2-cycle 
instruction. 
Data on port 'p' is logically 
ORed with the 
digit mask contained 
in accumulator 
bits 0-3. 


Operation: 
(Pp) - 
(Pp) OR (AO-3) 


Example: 
ORP7: ORLD P7,A 


p = 4-7 


;'OR' PORT 7 CONTENTS 
WITH ACC 


;BITS 0-3 


OUTL 
BUS,A· 
Output Accumulator 
Data to BUS 


Encoding: 
10 0 0 0 I 0 0 1 0 I 
02H 


Description: 
This is a 2-cycle 
instruction. 
Data residing 
in the 
accumulator 
is transferred 
(written) 
to the BUS port and 
latched. The latched data remains valid until altered by 
another OUTL instruction. 
Any other instruction 
requiring 
use of the BUS port (except INS) destroys the contents 
of 
the BUS latch. This includes expanded 
memory operations 
(such as the MOVX instruction). 
Logical operations 
on 
BUS data (AND, OR) assume the OUTL BUS,A instruction 
has been issued previously. 


Operation: 
(BUS) - 
(A) 


Example: 
OUTLBP: 
OUTL BUS, A 


OUTL 
Pp,A 
Output Accumulator 
Data to Port 1 or 2 


Encoding: I 0 0 1 1 11 0 P pi 
39H-3AH 


Description: 
This is a 2-cycle instruction. 
Data residing 
in the accumulator 
is transferred 
(written) 
to port 'p' and latched. 


Operation: 
(Pp) - 
(A) 


Example: 
OUTLP: 
MOV A,R7 
OUTL P2,A 
MOV A, R6 
OUTL P1,A 


p = 1-2 


;MOVE REG 7 CONTENTS 
TO ACC 


;OUTPUT ACC CONTENTS 
TO PORT 2 
;MOV REG 6 CONTENTS 
TO ACC 
;OUTPUT ACC CONTENTS 
TO PORT 1 


RET 
Return Without 
PSW Restore 


Encoding: 
11 0 0 0 I 0 0 1 11 
83H 


Description: 
This is a 2-cycle instruction. 
The stack pointer 
(PSW bits 0-2) is 
decremented. 
The program counter 
is then restored from the stack. PSW 
bits 4-7 are not restored. 


Operation: 
(SP) - 
(SP)-1 
(PC) - 
((SP» 


RETR 
Return with PSW Restore 


Encoding: 
11 0 0 1 I 0 0 1 1I 
93H 


Description: 
This is a 2-cycle instruction. 
The stack pointer is decremented. 
The 
program counter 
and bits 4-7 of the PSW are then restored from the stack. 


Note that RETR should be used to return from an interrupt, 
but should 
not be used within the interrupt 
service routine as it signals the end of an 
interrupt 
routine by resetting the Interrupt 
in Progress flip-flop. 


Operation: 
(SP) - 
(SP)-1 
(PC) - 
((SP» 


(PSW 4-7) - 
((SP» 


RL A 
Rotate Left without Carry 


Encoding: 
11 1 1 0 I 0 1 1 1 I 
E7H 


Description: 
The contents 
of the accumulator 
are rotated left one bit. Bit 7 is rotated 
into the bit 0 position. 


Operation: 
(An + 1) - 
(An) 
(AO) - 
(A7) 


Example: 
Assume accumulator 
contains 
10110001. 
RLNC: 
RL A 
;NEW ACC CONTENTS 
ARE 01100011 


11 1 1 1 I 0 1 1 1 I 
F7H 


The contents 
of the accumulator 
are rotated left one bit. Bit 7 replaces the 
carry bit; the carry bit is rotated into the bit 0 position. 


(An + 1) - 
(An) 
n = 0-6 
(AO)- 
(C) 
(C)- 
(A7) 


Encoding: 


Description: 


Assume accumulator contains a 'signed' number; isolate sign without 
changing value 
RLTC: 
CLR C 
RLCA 
;CLEAR CARRY TO ZERO 
;ROTATE ACC LEFT, SIGN 
;BIT(7) IS PLACED IN CARRY 
;ROTATE ACC RIGHT - 
VALUE 
;(BITS 0-6) IS RESTORED, 
;CARRY UNCHANGED, 
BIT 7 


;IS ZERO 


RR A 
Rotate Right without Carry 


Encoding: 
10 1 1 1 I 0 1 1 1 I 
77H 


Description: 
The contents 
of the accumulator 
are rotated right one bit. Bit 0 is rotated 
into the bit 7 position. 


Operation: 
(An) - 
(An + 1) 
(A7) +- 
(AO) 


Example: 
Assume accumulator 
contains 
10110001. 


RRNC: 
RR A 
;NEW ACC CONTENTS 
ARE 11011000 


RRC A 
Rotate Right through 
Carry 


Encoding: 
10 1 1 0 I 0 1 1 11 
67H 


Description: 
The contents 
of the accumulator 
are rotated right one bit. Bit 0 replaces the 
carry bit; the carry bit is rotated into the bit 7 position. 


Operation: 
(An) - 
(An + 1) 
n = 0-6 
(A7) - 
(C) 
(C) - 
(AO) 


Example: 
Assume carry is not set and accumulator 
contains 
10110001. 


RRTC: RRC A 
;CARRY IS SET AND ACC 
;CONTAINS 
01011000 


SEL MBO 
Select Memory 
Bank 0 


Encoding: 
11 1 1 0 I 0 1 0 1 I 
E5H 


Description: 
PC bit 11 is set to zero on next JMP or CALL instruction. 
All references to 


program 
memory addresses fall within "the range 0-2047. 


Operation: 
(DBF) - 
0 


Example: 
Assume program counter contains 834 Hex. 
SEL MBO 
;SELECT MEMORY BANK 0 
JMP $+20 
;JUMP TO LOCATION 
58 HEX 


SEL MB1 
Select Memory 
Bank 1 


Encoding: 
11 1 1 1 I 0 1 0 1 1 
F5H 


Description: 
PC bit 11 is set to one on next JMP or CALL instruction. 
All references to 
program 
memory addresses fall within the range 2048-4095. 


Operation: 
(DBF) - 
1 


SEL RBO 
Select Register Bank 0 


Encoding: 
11 1 0 0 I 0 1 0 1 I 
C5H 


Description: 
PSW bit 4 is set to zero. References 
to working 
registers 
0-7 address 
data 
memory 
locations 
0-7. This is the recommended 
setting 
for normal 
program 
execution. 


Operation: 
(BS) - 
0 


SEL RB1 
Select Register Bank 1 


Encoding: 
11 1 0 1 I 0 1 0 1 I 
D5H 


Description: 
PSW bit 4 is set to one. References 
to working 
registers 
0-7 address 
data 
memory 
locations 
24-31. This is the recommended 
setting 
for interrupt 
service 
routines, 
since 
locations 
0-7 are left intact. 
The setting 
of PSW bit 4 in 
effect 
at the time of an interrupt 
is restored 
by the RETR instruction 
when 
the interrupt 
service 
routine 
is completed. 


Operation: 
(BS) - 
1 


Example: 
Assume 
an external 
interrupt 
has occurred, 
control 
has passed to program 
memory 
location 
3, and PSW bit 4 was zero before 
the interrupt. 


SEL RB1 
MOV R7,#OFAH 


;JUMP 
TO ROUTINE 
'INIT' 
IF 
;INTERRUPT 
INPUT 
IS ZERO 
;MOVE ACC CONTENTS 
TO 
;LOCATION 
7 


;SELECT 
REG BANK 
1 
;MOVE 'FA' HEX TO LOCATION 
31 


SEL RBO 
MOV A,R7 
RETR 


;SELECT 
REG BANK 
0 


;RESTORE 
ACC FROM LOCATION 
7 


;RETURN 
- 
RESTORE 
PC AND PSW 


STOP TCNT 
Stop Timer/Event-Counter 


Encoding: I 0 1 1 0 I 0 1 0 1 I 
65H 


Description: 
This instruction 
is used to stop both time accumulation 
and event counting. 


Example: 
Disable interrupt, 
but jump to interrupt 
routine after eight overflows 
and 
stop timer. Count overflows 
in register 7. 


START: 
DIS TCNTI 
CLRA 
MOVT,A 
MOV R7,A 
STRT T 
MAIN: 
JTF COUNT 


JMP MAIN 
COUNT: 
INC R7 
MOV A,R7 
JB31NT 


INT: STOP TCNT 
JMP 7H 


;DISABLE TIMER INTERRUPT 
;CLEAR ACC TO ZEROS 
;MOVE ZEROS TO TIMER 
;MOVE ZEROS TO REG 7 
;START TIMER 
;JUMP TO ROUTINE 'COUNT' 
;IF TF = 1 AND CLEAR TIMER FLAG 
;CLOSE LOOP 
;INCREMENT 
REG 7 
;MOVE REG 7 CONTENTS 
TO ACC 
;JUMP TO ROUTINE 'INT' IF ACC 
;BIT 3 IS SET (REG 7 = 8) 
;OTHERWISE RETURN TO ROUTINE 
;MAIN 


;STOP TIMER 
;JUMP TO LOCATION 
7 (TIMER) 
;INTERRUPT 
ROUTINE 


Encoding: 


Description: 
I 0 1 0 0 I 0 1 0 1 I 
45H 


The test 1 (T1) pin is enabled as the event-counter 
input and the counter 
is started. The event-counter 
register is incremented 
with each high-to-Iow 
transition 
on the T1 pin. 


Initialize and start event counter. Assume overflow 
is desired with first T1 
input. 
STARTC: 
EN TCNTI 
MOV A,#OFFH 
MOVT,A 
STRT CNT 


;ENABLE COUNTER 
INTERRUPT 
;MOVE 'FF'HEX (ONES) TO ACC 
;MOVES ONES TO COUNTER 
;ENABLE T1 AS COUNTER 
;INPUT AND START 


STRT T 
Start Timer 


Encoding: [TO}] 0 1 0 1 I 
55H 


Description: 
Timer accumulation 
is initiated 
in the timer register. The register is 
incremented 
every 32 instruction 
cycles·. The prescaler which counts the 
32 cycles is cleared but the timer register is not. 


Example: 
Initialize and start timer. 


STARTT: 
CLR A 
MOVT,A 
EN TCNTI 
STRT T 


;CLEAR ACC TO ZEROS 
;MOVE ZEROS TO TIMER 
;ENABLE TIMER INTERRUPT 
;START TIMER 


Encoding: 


Description: 


Operation: 


Example: 


10 1 0 0 10 1 1 1 I 
47H 


Bits 0-3 of the accumulator 
are swapped with bits 4-7 of the accumulator. 


(A4-7) 
~ 
(AO-3) 


Pack bits 0-3 of locations 50-51 into location 50. 
PCKDIG: 
MOV RO,#50 
;MOVE '50' DEC TO REG 0 
MOV R1, #51 
;MOVE '51' DEC TO REG 1 
XCHD A,@RO 
;EXCHANGE 
BITS 0-3 OF ACC 


;AND LOCATION 
50 


;SWAP BITS 0-3 AND 4-7 OF ACC 
;EXCHANGE 
BITS 0-3 OF ACC AND 


;LOCATION 
51 


;MOVE CONTENTS 
OF ACC TO 


;LOCATION 
50 


SWAP A 
XCHD A,@R1 


XCH A,Rr 
Exchange 
Accumulator-Register 
Contents 


Encoding: 
[0 0 1 0 11 r r r J 
28H-2FH 


Description: 
The contents of the accumulator 
and the contents of working 
register 'r' 


are exchanged. 


Operation: 
(A) ~ 
(Rr) 
r = 0-7 


Example: 
Move PSW contents to Reg 7 without 
losing accumulator 
contents. 


XCHAR7: 
XCH A,R7 
;EXCHANGE CONTENTS 
OF REG 7 


;AND ACC 
;MOVE PSW CONTENTS 
TO ACC 


;EXCHANGE CONTENTS 
OF REG 7 
'AND ACC AGAIN 


MOV A, PSW 
XCH A,R7 


XCH A,@Ri 
Exchange Accumulator 
and Data Memory 
Contents 


Encoding: 
10 0 1 0 I 0 0 0 i I 
20H-21 H 


Description: 
The contents 
of the accumulator 
and the contents 
of the resident data 
memory location 
addressed by bits 0-5** of register 
'j' are exchanged. 


Register 'i' contents 
are unaffected. 


Operation: 
(A)= ((Ri)) 
i = 0-1 


Example: 
Decrement 
contents 
of location 
52. 


DEC52: 
MOV RO,#52 
;MOVE '52' DEC TO ADDRESS REG 0 
XCH A,@RO 
;EXCHANGE 
CONTENTS 
OF ACC 
;AND LOCATION 
52 
;DECREMENT 
ACC CONTENTS 
;EXCHANGE 
CONTENTS 
OF ACC 
;AND LOCATION 
52 AGAIN 


DECA 
XCH A,@RO 


XCHD 
A,@RI 
Exchange 
Accumulator 
and Data Memory 4-81t Data 


Encoding: 
10 0 1 1 I 0 0 0 i I 
30H-31 H 


Description: 
This instruction 
exchanges 
bits 0-3 of the accumulator 
with bits 0-3 of 
the data memory location 
addressed by bits 0-5** of register 'i'. Bits 4-7 of 


the accumulator, 
bits 4-7 of the data memory location, 
and the contents 
of 


register 
'j' are unaffected. 


Operation: 
(AO-3) = ((RiO-3)) 
i = 0-1 


Example: 
Assume program 
counter contents 
have been stacked in locations 
22-23. 


XCHNIB: 
MOV RO,#23 
CLR A 
XCHD A,@RO 


;MOVE '23' DEC TO REG 0 
;CLEAR ACC TO ZEROS 
;EXCHANGE 
BITS 0-3 OF ACC AND 


;LOCATION 
23 (BTS 8-11 OF PC ARE 


;ZEROED, ADDRESS REFERS 
:TO PAGE 0) 


XRL A,Rr 
Logical XOR Accumulator 
With Register Mask 


Encoding: 
11 1 0 1 11 r r r I 
D8H-DFH 


Description: 
Data in the accumulator 
is EXCLUSIVE ORed with the mask contained 
in 


working 
register 'r'. 


Operation: 
(A) - 
(A) XOR (Rr) 


Example: 
XORREG: 
XRL A,R5 


r = 0-7 


;'XOR' ACC CONTENTS 
WITH 


;MASK IN REG 5 


•• 0-5 
in 8048AH/8748H 


0-6 
in 8049AH/8749H 


0-7 
in 80SOAH 


XRL A,@Ri 
Logical XOR Accumulator 
With Memory 
Mask 


Encoding: 
11 1 0 1 I 0 0 0 i I 
DOH-D1 H 


Description: 
Data in the accumulator is EXCLUSIVE ORed with the mask contained in the 
data memory location addressed by register 'i', bits 0-5.*' 


Operation: 
(A) - 
(A) XOR ((Ri)) 
i = 0-1 


Example: 
XORDM: 
MOV R1,#20H 
;MOVE '20' HEX TO REG 1 
XRL A,@R1 
;'XOR' ACC CONTENTS 
WITH MASK 
;IN LOCATION 
32 


XRL A,#data 
Logical XOR Accumulator 
With Immediate 
Mask 


Encoding: 
11 1 0 1 I 0 0 1 1 I 
Id7 de d5 d4 I d3 d2 d1 do I 
D3H 


Description: 
This is a 2-cycle instruction. 
Data in the accumulator 
is EXCLUSIVE ORed 
with an immediately-specified 
mask. 


Operation: 
(A) - 
(A) XOR data 


Example: 
XORID: 
XOR A,#HEXTEN 
;XOR CONTENTS 
OF ACC WITH 
MASK 
;EQUAL VALUE OF SYMBOL 'HEXTEN' 


··0-5 
in 8048AH/8748H 
0-6 
in 8049AH/8749H 
0-7 
in 8050AH 
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PORT 
7 
Figure 2. 8243 Pin 


Configuration 


inter 


Symbol 
Pin No. 
Function 


PROG 
7 
Clock Input. A high to low transition 
on PROG signifies that address 
and control 
are available 
on P20-P23, 
and a low to high transition 
signifies that data is available 
on P20-P23. 


CS 
6 
Chip Select Input. A high on CS inhibits any change of output or 
internal status. 


P20-P23 
11-8 
Four (4) bit bi-directional 
port contains 
the address and control 
bits on 
a high to low transition 
of PROG. During a low to high transition, 
P2 
contains 
the data for a selected 
output port if a write operation, 
or the 
data from a selected 
port before the low to high transition 
if a read 
operation. 


GND 
12 
OV supply. 


P40-P43 
2-5 
Four (4) bit bi-directionall/O 
ports. 


P50-P53 
1,23-21 
May be programmed 
to be input (during read), low impedance 
latched 
P60-P63 
20-17 
output (after write), or a tri-state 
(after read). Data on pins P20-P23 


P70-P73 
13-16 
may be directly written, ANDed or ORed with previous data. 


Vcc 
24 
+5Vsupply. 
- 


General Operation 


The 8243 contains 
four 4-bit 1/0 ports which 
serve 
as an 
extension 
of the 
on-chip 
1/0 
and 
are 
ad- 
dressed 
as Ports 4-7. 
The following 
operations 
may 
be performed 
on these ports: 


• 
Transfer 
Accumulator 
to Port. 


• 
Transfer 
Port to Accumulator. 


• 
AND Accumulator 
to Port. 


• 
OR Accumulator 
to Port. 


All communication 
between 
the 8048 and the 8243 
occurs 
over Port 2 (P20-P23) 
with timing 
provided 
by an output 
pulse on the PROG pin of the proces- 
sor. Each transfer 
consists 
of two 4-bit nibbles: 


The first containing 
the "op code" 
and port address 
and the second 
containing 
the actual 4-bits of data. 
A high to low transition 
of the PROG line indicates 
that address 
is present 
while a low to high transition 
indicates 
the 
presence 
of data. 
Additional 
8243's 
may be added 
to the 4-bit 
bus and chip 
selected 
using 
additional 
output 
lines 
from 
the 
8048/8748/8035. 


Initial application 
of power 
to the device 
forces 
in- 
put/output 
Ports 4, 5, 6, and 7 to the tri-state 
and 
Port 2 to the 
input 
mode. 
The 
PROG 
pin may be 


either 
high or low when 
power 
is applied. 
The first 
high to low transition 
of PROG causes 
the device to 
exit power on mode. The power 
on sequence 
is ini- 


tiated if Vcc 
drops below 
1V. 


P21 
P20 
Address 
P23 
P22 
Instruction 
Code 
Code 


Port 4 
Port 5 
Port 6 
Port 7 


Read 
Write 
ORLD 
ANLD 


The device 
has three 
write 
modes. 
MOVD 
Pi, A di- 
rectly writes new data into the selected 
port and old 
data is lost. ORLD Pi, A takes new data, OR's it with 
the old data and then writes it to the port. ANLD 
Pi, 


A takes 
new data, 
AND's 
it with the old data 
and 
then writes 
it to the port. Operation 
code 
and port 
address are latched from the input Port 2 on the high 
to low transition 
of the PROG pin. On the low to high 
transition 
of PROG data on Port 2 is transferred 
to 
the logic block of the specified 
output 
port. 


After the logic manipulation 
is performed, 
the data is 
latched 
and outputed. 
The old data remains 
latched 
until new valid outputs 
are entered. 


The device has one read mode. The operation 
code 
and port address 
are latched 
from the input Port 2 


on the 
high to low transition 
of the PROG 
pin. As 


soon 
as the 
read 
operation 
and 
port 
address 
are 


decoded, 
the appropriate 
outputs 
are tn-stated, 
and 


the input buffers 
switched 
on. The read operation 
is 


terminated 
by a low to high transition 
of the PROG 


pin. The 
port 
(4, 5, 6 or 7) that 
was 
selected 
is 


switched 
to the tn-stated 
mode 
while 
Port 2 is re- 


turned 
to the input mode. 


Ambient 
Temperature 
Under Bias 
O·C to 70·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage 
on Any Pin 
with Respect 
to Ground 
- 0.5V to + 7V 


Power Dissipation 
1 Watt 


Normally, 
a port will be in an output 
(write mode) or 


input (read mode). If modes 
are changed 
during op- 


eration, 
the first read following 
a write should 
be ig- 


nored; 
all following 
reads are valid. This is to allow 


the external 
driver on the port to settle after the first 


read 
instruction 
removes 
the low impedance 
drive 


from the 8243 output. 
A read of any port will leave 


that port in a high impedance 
state. 


*Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Test 


Conditions 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vee + 0.5 
V 


VOLl 
Output 
Low Voltage 
Ports 4-7 
0.45 
V 
IOL = 4.5 mA* 


VOl2 
Output 
Low Voltage 
Port 7 
1 
V 
IOL = 20mA 


VOH1 
Output High Voltage 
Ports 4-7 
2.4 
V 
IOH = 240/LA 


IILl 
Input Leakage Ports 4-7 
-10 
20 
/LA 
Vin = Vee to OV 


1112 
Input Leakage Port 2, CS, PROG 
-10 
10 
/LA 
Vin = Vee to OV 


VOL3 
Output 
Low Voltage 
Port 2 
0.45 
V 
IOL = 0.6mA 


Ice 
Vee Supply Current 
10 
20 
mA 
(Note 1) 


VOH2 
Output Voltage 
Port 2 
2.4 
IOH = 100/LA 


IOL 
Sum of All IOL From 16 Outputs 
72 
mA 
4.5 mA Each Pin 


inter 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


tA 
Code Valid before PROG 
50 
ns 
80 pF Load 


ts 
Code Valid after PROG 
60 
ns 
20 pF Load 


tc 
Data Valid before PROG 
200 
ns 
80 pF Load 


tD 
Data Valid after PROG 
20 
ns 
20pF 
Load 


tH 
Floating after PROG 
0 
150 
ns 
20 pF Load 


tK 
PROG Negative 
Pulse Width 
700 
ns 


tcs 
CS Valid before/after 
PROG 
50 
ns 


tpo 
Ports 4-7 
Valid after PROG 
700 
ns 
100 pF Load 


tLPl 
Ports 4-7 
Valid before/ after PROG 
100 
ns 


tACC 
Port 2 Valid after PROG 
650 
ns 
80 pF Load 


NOTE: 
1. Icc 
(-40'C 
to 85'C 
EXPRESS 
options) 
15 mA typical/25 
mA maximum . 
.~~~~~X:: 
> ",,,",.n <::x _ 
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A.C. Testing: 
Inputs are driven 
at 2,4V for a Logic "1" 
and 0,45V for a Logic "0". 
Output 
timing 
measurements 
are made 
at 2.0V for Logic 
"1" 


and O.BV for a Logic 
"0". 


inter 


PORT 
2 
FLOAT 
FLOAT 


POAT2 


.~'~ 
~'"x 
OUTPUT 


VALID 


!PO 


PORTS.·7 
PREVIOUS 
OUTPUT 
VALID 
OUTPUT 
VALlO 


'iP 
- 
'iP 


PORTS.·7 
INPUT 
VALID 


inter 


GUAR/INTEED 
WORST C/ISE 
CURRENT SINKING C/IPABILITIES 
OF ANY 110 PORT PIN n. TOTAL 
SINK CURRENT OF /ILL PINS 


~! 
':l9 
~ 
75 
.. 
Z... 
II: 
II: 
::> 
U 
'"z 
en 
50 
~o.. 


Sink Capability 


The 8243 can sink S mA @ O,4SVon each of its 16 
I/O lines simultaneously. If, however, all lines are 
not sinking simultaneously or all lines are not fully 
loaded, the drive capability of any individual line in- 
creases as is shown by the accompanying curve. 


NOTE: 
A10 to 50 Kn pullup resistor to + 5V should be 
added to 8243 outputs when driving to 5V CMOS 
directly. 
Example: This example shows how the use of the 
20 mA sink capability of Port 7 affects the 
sinking capability of the other I/O lines. 
An 8243 will drive the following loads 
simultaneously. 
2 loads-20 
mA @ 1V (Port 7 only) 
8 10ads-4 mA @ O,4SV 


6 loads-3.2 
mA @ 0.45V 
Is this within the specified limits? 
EIOL= (2 x 20) + (8 x 4) + (6 x 3.2) 
= 91.2mA. 


From the curve: for IOL = 4 mA, EIOL e< 
93 mA. Since 91.2 mA < 93 mA the loads 
are within specified limits. 
Although the 20 mA @ 1V loads are used 
in calculating EIOL,it is the largest current 
required 
@ 0,45V which determines the 
maximum allowable EIOL. 


For example, if only 5 of the 16 lines are to sink 
current at one time, the curve shows that each of 
those 5 lines is capable of sinking 9 mA @ 0.45V (if 
any lines are to sink 9 mA the total IOL must not 
exceed 45 mA or five 9 mA loads). 
Example: How many pins can drive 5 TIL 
loads 
(1.6 mAl assuming remaining pins are un- 
loaded? 
IOL = 5 x 1.6 mA = 8 mA 
EIOL= 60 mA from curve 
# pins = 60 mA .;- 8 mAipin = 7.5 = 7 
In this case, 7 lines can sink 8 mA for a 
total of 56 mA. This leaves 4 mA sink cur- 
rent capability which can be divided in any 
way among the remaining 8 I/O lines of 
the 8243. 
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BITS 3,2 


00 ) READ 
01 
WRITE 
10 
OR 
11 
AND 


BITS 1,0 


00 ) 
01 
PORT 
10 
ADDRESS 
11 
P20·P23 --<.. 
X.. 
)..---- 


P8748H/P8749H 
8048AH/8035AHL/8049AH/8039AHL/8050AH/8040AHL 
HMOS SINGLE-COMPONENT 
8-BIT 
PRODUCTION MICROCONTROLLER 


• 
High Performance 
HMOS II 
• 
Interval Time/Event 
Counter 
• 
Two Single Level Interrupts 
• 
Single 5-Volt Supply 
• 
Over 96 Instructions; 
90% Single Byte 


The Intel MCS@-48 family are totally 
self-sufficient, 
8-bit parallel 
computers 
fabricated 
on single silicon chips 
using Intel's 
advanced 
N-channel 
silicon gate HMOS process. 


The family contains 
27 I/O 
lines, an 8-bit timer/counter, 
and on-board 
oscillator/clock 
circuits. 
For systems 
that require extra capability, 
the family can be expanded 
using MCS@-80/MCS@-85 
peripherals. 


These 
microcontrollers 
are available 
in both masked 
ROM and ROM less versions 
as well as a new version, 
The Programmable 
ROM. The Programmable 
ROM provides 
the user with the capability 
of a masked 
ROM 
while providing 
the flexibility 
of a device that can be programmed 
at the time of requirement 
and to the desired 
data. Programmable 
ROM's 
allow the user to lower inventory 
levels while at the same time decreasing 
delay 
times and code risks. 


• 
Programmable 
ROMs Using 21V 
• 
Easily Expandable Memory and I/O 
• 
Up to 1.36 J-LsInstruction 
Cycle All 
Instructions 
1 or 2 Cycles 


These 
microcomputers 
are designed 
to be efficient 
controllers 
as well as arithmetic 
processors. 
They have 
extensive 
bit handling 
capability 
as well 
as facilities 
for both 
binary 
and 
BCD arithmetic. 
Efficient 
use of 
program 
memory 
results from an instruction 
set consisting 
of mostly 
single byte instructions 
and no instruc- 


tions over 2 bytes in length. 


Device 
Internal 
Memory 
RAM STANDBY 


8050AH 
4Kx8 ROM 
256x8 RAM 
yes 


8049AH 
2Kx8 ROM 
128x8 RAM 
yes 


8048AH 
1Kx8ROM 
64x8 RAM 
yes 
8040AHL 
None 
256x8 
RAM 
yes 


8039AHL 
None 
128x8 RAM 
yes 


8035AHL 
None 
64x8 RAM 
yes 


P8749H 
2K x 8 Programmable ROM 
128x8 RAM 
no 
P8748H 
1K x 8 Programmable ROM 
64x8 RAM 
no 


inter 


It;; '" 
- 
~ ~ ~ 
u 
~ ~ ~ 
!V'l.&I 
•...•... 
OOO_NNN 


V') 
~ 
x 
x 
•...z > •... 
~ ~ a 


6 
5 • 
3 
2 
1 44 
<&3424140 


iNi' 
7 
• 
39 
P2.' 


EA 
8 
38 
PL7 


RD 
9 
80.9AH/8039AHL 
37 
P1.6 


PSEN 
10 
8050AH/80.0AHL 
36 
Pl.5 


W- 
11 
U-PIN 
35 
P1.4 


NC 
12 
PLCC 
3. 
NC 


ALE 
13 
33 
P1.3 


080 
14 
32 
P1.2 


081 
15 
Top Vie. 
31 
Pl.1 


082 
16 
looking down on PC Boord 
30 
PLO 


083 
17 
'l!9 
VOO 
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Figure 4. Pad Configuration 


TO 
KTAll 
XTAl2 


RESET 
SS 
'NT 
EA 
Rii 
PSEN 
WR 
ALE 
DBO 
DB1 
OB2 
OB3 
DB. 
DB. 
OB6 
OB7 


VSS 


VCC 
Tl 
P27 
P26 
P2S 
P2. 
PH 
P16 
Pl' 
Pl. 


P13 
P12 
P11 
P10 


VOO 
PROG 
P23 
P22 
P21 
P20 


Symbol 
Pin 
Function 
Device 
No. 


VSS 
20 
Circuit GND potential. 
All 


VDD 
26 
+ 5V during normal operation. 
All 


Low power standby pin. 
8048AH 
8035AHL 
8049AH 
8039AHL 
8050AH 
8040AHL 


Programming 
power supply (+ 21 V). 
P8748H 
P8749H 


VCC 
40 
Main power supply; + 5V during operation 
and programming. 
All 


PROG 
25 
Output strobe for 8243 I/O expander. 
All 


Program pulse (+ 18V) input pin During Programming. 
P8748H 
P8749H 


P10-P17 
27-34 
8-bit quasi-bidirectional 
port. 
All 
Port 1 


P20-P23 
21-24 
8-bit quasi-bidirectional 
port. P20-P23 
contain the four high order 
All 
P24-P27 
35-38 
program 
counter 
bits during an external 
program 
memory fetch and 
Port 2 
serve as a 4-bit I/O expander 
bus for 8243. 


DBO-DB7 
12-19 
True bidirectional 
port which can be written or read synchronously 
All 
BUS 
using the RD, WR strobes. The port can also be statically 
latched. 
Contains 
the 8 low order program 
counter 
bits during an external 
program 
memory fetch, and receives 
the addressed 
instruction 
under 
the control 
of PSEN. Also contains 
the address and data during an 
external 
RAM data store instruction, 
under control 
of ALE, RD, and 
WR. 


TO 
1 
Input pin testable 
using the conditional 
transfer 
instruction 
JTO and 
All 
JNTO. TO can be designated 
as a clock output using ENTO CLK 


instruction. 


Used during programming. 
P8748H 
P8749H 


inter 


Symbol 
Pin 
Function 
Device 
No. 


T1 
39 
Input pin testable 
using the JT1, and JNT1 instructions. 
Can be 
All 
designated 
the timer/counter 
input using the STRT CNT instruction. 


INT 
6 
Interrupt 
input. Initiates an interrupt 
if interrupt 
is enabled. 
Interrupt 
is 
All 
disabled 
after a reset. Also testable 
with conditional 
jump instruction. 
(Active low) interrupt 
must remain low for at least 3 machine 
cycles for 
proper operation. 


RD 
8 
Output strobe activated 
during a BUS read. Can be used to enable 
All 
data onto the bus from an external device. 
Used as a read strobe to external 
data memory. 
(Active low) 


RESET 
4 
Input which is used to initialize the processor. 
(Active low) (Non TTL 
All 
VIH) 


Used during power down. 
8048AH 
8035AHL 


_. 
8049AH 
8039AHL 
8050AH 
8040AHL 


Used during programming. 
P8748H 
P8749H 


Used during ROM verification. 
8048AH 
P8748H 
8049AH 
P8749H 
8050AH 


WR 
10 
Output strobe during a bus write. (Active low) 
All 
Used as write strobe to external 
data memory. 


ALE 
11 
Address 
latch enable. This signal occurs once during each cycle and is 
All 
useful as a clock output. 
The negative 
edge of ALE strobes 
address into external data and 
program 
memory. 


PSEN 
9 
Program store enable. This output occurs only during a fetch to 
All 
external 
program 
memory. 
(Active low) 


SS 
5 
Single step input can be used in conjunction 
with ALE to "single 
step" 
All 
the processor 
through each instruction. 


(Active low) Used in sync mode. 
8048AH 
8035AHL 
8049AH 
8039AHL 
8050AH 
8040AHL 


EA 
7 
External access input which forces all program 
memory fetches 
to 
All 
reference 
external 
memory. 
Useful for emulation 
and debug. (Active 
high) 


Used during (18V) programming. 
P8748H 
P8749H 


Used during ROM verification 
(12V). 
8048AH 
8049AH 
8050AH 


XTAL1 
2 
One side of crystal input for internal oscillator. 
Also input for external 
All 
source. (Non TTL VIH) 


XTAL2 
3 
Other side of crystal input. 
All 


inter 


Accumulator 


Mnemonic 
Description 
Bytes Cycles 


ADD A, R 
Add register to A 
1 
1 
ADD A, @R 
Add data memory 
1 
1 
toA 
ADD A, #data 
Add immediate 
to A 
2 
2 
ADDCA, 
R 
Add register with 
1 
1 
carry 
ADDCA,@R 
Add data memory 
1 
1 
with carry 
ADDC A, #data 
Add immediate 
with 
2 
2 
carry 
ANLA, 
R 
And register to A 
1 
1 
ANLA, 
@R 
And data memory 
1 
1 
toA 
ANLA, 
#data 
And immediate 
to A 
2 
2 
ORLA, 
R 
Or register to A 
1 
1 
ORLA, 
@R 
Or data memory 
1 
1 
toA 
ORLA, 
#data 
Or immediate 
to A 
2 
2 
XRLA, 
R 
Exclusive 
or register 
1 
1 
toA 
XRLA, 
@R 
Exclusive 
or data 
1 
1 
memory to A 
XRLA, 
#data 
Exclusive 
or 
2 
2 
immediate 
to A 
INCA 
IncrementA 
1 
1 
DECA 
Decrement 
A 
1 
1 
CLRA 
Clear A 
1 
1 
CPLA 
Complement 
A 
1 
1 
DAA 
Decimal adjust A 
1 
1 
SWAP A 
Swap nibbles of A 
1 
1 
RLA 
Rotate A left 
1 
1 
RLCA 
Rotate A left 
1 
1 
through 
carry 
RRA 
Rotate A right 
1 
1 
RRCA 
Rotate A right 
1 
1 
through carry 


Input/Output 


Mnemonic 
Description 
Bytes Cycles 


INA,P 
Input port to A 
1 
2 


UTL P, A 
Output A to port 
1 
2 


NL P, #data 
And immediate 
to 
2 
2 
port 
RL P, #data 
Or immediate 
to 
2 
2 
port 
Input BUS to A 
1 
2 
UTL BUS, A 
Output A to BUS 
1 
2 
NL BUS, #data 
And immediate 
to 
2 
2 
BUS 
ORL BUS, # data Or immediate 
to 
2 
2 
BUS 
MOVDA, 
P 
Input expander 
port 
2 
toA 
MOVDP,A 
Output A to 
2 
expander 
port 
NLDP,A 
And A to expander 
2 
port 
RLD P,A 
Or A to expander 
2 
port 


Registers 


Mnemonic 


INCR 
INC@R 
DECR 


Description 


Increment 
register 
Increment 
data memory 
Decrement 
register 


Bytes 
Cycles 


1 
1 
1 
1 
1 
1 


Branch 


Mnemonic 
Description 
Bytes 
Cycles 


JMP addr 
Jump unconditional 
2 
2 
JMPP@A 
Jump indirect 
1 
2 
DJNZ R, addr 
Decrement 
register 
2 
2 
and skip 
JC addr 
Jump on carry = 1 
2 
2 
JNC addr 
Jump on carry = 0 
2 
2 
JZ addr 
Jump on A zero 
2 
2 
JNZ addr 
Jump on A not zero 
2 
2 
JTO addr 
Jump on TO = 1 
2 
2 
JNTO addr 
Jump on TO = 0 
2 
2 
JT1 addr 
Jump on T1 = 1 
2 
2 
JNT1 addr 
Jump onT1 
= 0 
2 
2 
JFO addr 
Jump on FO = 1 
2 
2 
JF1 addr 
Jump on F1 = 1 
2 
2 
JTF addr 
Jump on timer flag 
2 
2 
JNI addr 
Jump on INT = 0 
2 
2 
JBb addr 
Jump on accumulator 
2 
2 
bit 
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Mnemonic 
Description 
Bytes 
Cycles 


CALL addr 
Jump to subroutine 
2 
2 
RET 
Return 
1 
2 
RETR 
Return and restore 
1 
2 
status 


Flags 


Mnemonic 
Description 
Bytes 
Cycles 


CLRC 
Clear carry 
1 
1 
CPLC 
Complement 
carry 
1 
1 
CLR FO 
Clear flag 0 
1 
1 
CPL FO 
Complement 
flag 0 
1 
1 
CLR F1 
Clear flag 1 
1 
1 
CPL F1 
Complement 
flag 1 
1 
1 


Data Moves 


Mnemonic 
Description 
Bytes Cycles 


MOVA, 
R 
Move register to A 
1 
1 
MOVA,@R 
Move data memory 
1 
1 
toA 
MOVA, 
#data 
Move immediate 
to 
2 
2 
A 
MOVR,A 
Move A to register 
1 
1 
MOV@R,A 
Move A to data 
1 
1 
memory 
MOV R, #data 
Move immediate 
to 
2 
2 
register 
MOV @R, #data 
Move immediate 
to 
2 
2 
data memory 
MOVA, 
PSW 
MovePSWtoA 
1 
1 
MOVPSW,A 
MoveAtoPSW 
1 
1 
XCHA, 
R 
Exchange 
A and 
1 
1 
register 
XCHA,@R 
Exchange 
A and 
1 
1 
data memory 
XCHDA, 
@R 
Exchange 
nibble of 
1 
1 
A and data memory 
MOVXA,@R 
Move external 
data 
1 
2 
memory to A 
MOVX@R,A 
Move A to external 
1 
2 
data memory 
MOVPA,@A 
Move to A from 
1 
2 
current page 
MOVP3A,@A 
Move to A from 
1 
2 
page 3 


Mnemonic 


MOVA, 
T 
MOVT,A 
STRTT 
STRTCNT 
STOP TCNT 
EN TCNTI 


Description 
Bytes Cycles 


Read timer/counter 
1 
1 
Load timer/counter 
1 
1 
Start timer 
1 
1 
Start counter 
1 
1 
Stop timer/counter 
1 
1 
Enable timer/ 
1 
1 
counter 
interrupt 
Disable timer / 
counter 
interrupt 


Control 


Mnemonic 
Description 
Bytes Cycles 


ENI 
Enable external 
1 
1 
interrupt 
DISI 
Disable external 
1 
1 
interrupt 
SEL RBO 
Select register bank 0 
1 
1 
SEL RB1 
Select register bank 1 
1 
1 
SEL MBO 
Select memory bank 0 
1 
1 
SEL MB1 
Select memory bank 1 
1 
1 
ENTO CLK 
Enable clock output 
1 
1 
onTO 


Mnemonic 
Description 


NOP 
No operation 


Bytes 


1 


Cycles 


1 


Case Temperature 
Under Bias 
O°C to + 70°C 


Storage Temperature 
-65°C 
to + 150°C 


Voltage 
on any Pin with Respect 
to Ground 
- 0.5V to + 7V 


Power Dissipation 
1.5W 


lute MaXImumHarmgs" may &iiYii'!>tf}f)flI}fYhfcJfNH! 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Limits 
Unit 
Test Conditions 
Device 
Mln 
Typ 
Max 


Vil 
Input Low Voltage 
(All 
-0.5 
0.8 
V 
All 


Except RESET, X1, X2) 


VIU 
Input Low Voltage 
-5 
0.6 
V 
All 
(RESET, X1, X2) 


VIH 
Input High Voltage 
2.0 
Vcc 
V 
All 
(All Except XT AL 1, 
XTAL2, RESET) 


VIHl 
Input High Voltage 
3.8 
Vcc 
V 
All 
(X1, X2, RESET) 


VOL 
Output Low Voltage 
0.45 
V 
IOl = 2.0mA 
All 
(BUS) 


Vou 
Output Low Voltage 
0.45 
V 
IOl = 1.8 mA 
All 
(RD, WR, PSEN, ALE) 


VOl2 
Output Low Voltage 
0.45 
V 
IOl = 1.0 mA 
All 
(PROG) 


VOl3 
Output Low Voltage 
0.45 
V 
IOl = 1.6 mA 
AIr 
(All Other Outputs) 


VOH 
Output High Voltage 
2.4 
V 
IOH = -400 
IJ-A 
All 
(BUS) 


VOH1 
Output High Voltage 
2.4 
V 
IOH = -100 
IJ-A 
All 
(RD, WR, PSEN, ALE) 


VOH2 
Output High Voltage 
2.4 
V 
IOH = -40 
IJ-A 
All 
(All Other Outputs) 


inter 


Symbol 
Parameter 
Limits 
Unit 
Test Conditions 
Device 
Min 
Typ 
Max 


lu 
Leakage Current 
±10 
IJ-A 
VSS s: VIN s: Vce 
All 
(T1, INT) 


IU1 
Input Leakage Current 
-500 
IJ-A 
Vss + 0.45 s: VIN s: Vee 
All 
(P10-P17, 
P20-P27, 
EA, SS) 


IU2 
Input Leakage Current 
-10 
-300 
IJ-A 
Vss 
s: VIN s: 3.8 
All 
RESET 


ILO 
Leakage Current 
±10 
IJ-A 
VSS s: VIN s: Vee 
All 
(BUS, TO) (High 
Impedance 
State) 


100 
Voo Supply Current 
3 
5 
mA 
8048AH 
(RAM Standby) 
8035AHL 


4 
7 
mA 
8049AH 
8039AHL 


5 
10 
mA 
8050AH 
8040AHL 


100 + 
Total Supply Current· 
30 
65 
mA 
8048AH 
Ice 
8035AHL 


35 
70 
mA 
8049AH 
8039AHL 


40 
80 
mA 
8050AH 
8040AHL 


30 
100 
mA 
.. 
P8748H 


50 
110 
mA 
P8749H 


Voo 
RAM Standby Voltage 
2.2 
5.5 
V 
Standby 
Mode Reset 
8048AH 
S:VIL1 
8035AH 


2.2 
5.5 
V 
8049AH 
8039AH 


2.2 
5.5 
V 
8050AH 
8040AHL 


intJ 


f (t) 
11 MHz 
Conditions 
Symbol 
Parameter 
Unit 
(Note 3) 
Mln 
Max 
(Note 
1) 


t 
Clock Period 
1/xtal freq 
90.9 
1000 
ns 
(Note 3) 


tLL 
ALE Pulse Width 
3.5t-170 
150 
ns 


tAL 
Addr Setup to ALE 
2t-110 
70 
ns 
(Note 2) 


tLA 
Addr Hold from ALE 
t-40 
50 
ns 


tCC1 
Control 
Pulse Width (RD, WR) 
7.5t-200 
480 
ns 
, 


teC2 
Control 
Pulse Width (PSEN) 
6t-200 
350 
ns 


tDW 
Data Setup before WR 
6.5t-200 
390 
ns 


tWD 
Data Hold after WR 
t-50 
40 
ns 


tDR 
Data Hold (RD, PSEN) 
1.5t-30 
0 
110 
ns 


tRD1 
RD to Data in 
6t-170 
375 
ns 


tRD2 
PSEN to Data in 
4.5t-170 
240 
ns 


tAW 
Addr Setup to WR 
5t-150 
300 
ns 


tAD1 
Addr Setup to Data (RD) 
10.5t-220 
730 
ns 


tAD2 
Addr Setup to Data (PSEN) 
7.5t-200 
460 
ns 


tAFC1 
Addr Float to RD, WR 
2t-40 
140 
ns 
(Note 2) 


tAFC2 
Addr Float to PSEN 
0.5t-40 
10 
ns 
(Note 2) 


tLAFC1 
ALE to Control 
(RD, WR) 
3t-75 
200 
ns 


tLAFC2 
ALE to Control 
(PSEN) 
1.5t-75 
60 
ns 


tCA1 
Control to ALE (RD, WR, PROG) 
t-65 
25 
ns 


tCA2 
Controtto 
ALE (PSEN) 
4t-70 
290 
ns 


tcp 
Port Control Setup to PROG 
1.5t-80 
50 
ns 


tpc 
Port Control 
Hold to PROG 
4t-260 
100 
ns 


tpR 
PROG to P2 Input Valid 
8.5t-120 
650 
ns 


tpF 
Input Data Hold from PROG 
1.5t 
0 
140 
ns 


tDP 
Output Data Setup 
6t-290 
250 
ns 


tpD 
Output Data Hold 
1.5t-90 
40 
ns 


tpp 
PROG Pulse Width 
10.5t-250 
700 
ns 


tpL 
Port 2 I/O Setup to ALE 
4t-200 
160 
ns 


tLP 
Port 2 I/O Hold to ALE 
0.5t-30 
15 
ns 


tpv 
Port Output from ALE 
4.5t+ 
100 
5.0 
ns 


toPRR 
TO Rep Rate 
3t 
270 
ns 


tev 
Cycle Time 
15t 
1.36 
15.0 
/Jos 


NOTES: 
1. Control outputs: CL = 80 pF. BUS Outputs: CL = 150 pF. 
2. BUS High Impedance Load 20 pF 
3. f(t) assumes 50% duty cycle on X1, X2. Max clock period is for a 1 MHz crystal input. 


INSTRUCTION 
FETCH 
FROM 
PROGRAM 
MEMORY 


P24-27 
P10-17 
OUTPUT 


'LP 


EXPANDER 
PORT 


OUTPUT 


EXPANDER 
POAT 


INPUT 


--..j 'LA'C'r 


Xi,a...TESTPOINTS",2.0:- 


Q.4SV 
.. 0.... 
....O.8A-.--, 


270053-7 


A.C. testing inputs are driven at 2.4V for a logic "1" and 0.45V for 
a logic "0". Output timing measurements are made at 2.0V for a 
logic "1" and 0.8V for a logic "0". 


I 
PCH 


I 


NEW PORT 
9ATA 


inter 


Cl 


~o, 


CI 


~ 


( 
I-II 
11Hz 
=- 
CI : ca : 33pF :!: 5'f. c::::J 


C3 
270053-9 
Cl = 5pF 
±'lzpF 
+ (STRAY < 5pF) 
C2 = (CRYSTAL + STAY) < 8 pF 
C3 = 20 pF ±1 pF + (STRAY < 5 pF) 
Crystal series resistance should be less than 30n at 11 MHz; less 
than 75n at 6 MHz; less than 180n at 3.6 MHz. 


270053-11 
For XTAL1 and XTAL2 define "high" as voltages above 1.6V and 
"low" as voltages below 1.6V. The duty cycle requirements for 
externally driving XTAL1 and XTAL2 using the circuits shown 
above are as follows: XTAL1 must be high 35-65% of the period 
and XTAL2 must be high 35-65% of the period. Rise and fall times 
must be faster than 20 ns. 


inter 


PROGRAMMING 
AND VERIFYING 
THE 
P8749H/48H 
PROGRAMMABLE 
ROM 


In brief, the programming 
process 
consists 
of: acti- 
vating 
the 
program 
mode, 
applying 
an 
address, 
latching 
the address, 
applying 
data, and applying 
a 
programming 
pulse. Each word is programmed 
com- 
pletely 
before 
moving on to the next and is followed 
by a verification 
step. The following 
is a list of the 
pins used for programming 
and a description 
of their 
functions: 


Pin 
Function 


XTAL 1 
Clock Input (3 to 4.0 MHz) 


, 


XTAL2 
RESET 
Initialization 
and Address 
Latching 
TO 
Selection 
of Program or Verifying 
Mode 
EA 
Activation 
of ProgramlVerify 
Modes 
BUS 
Address 
and Data Input 
Data Output During Verify 
P20-P22 
Address 
Input 
. 


VDD 
Programming 
Power Supply 
PROG 
Program Pulse Input 


An attempt 
to program 
a missocketed 
P8749H/48H 
will result in severe damage to the part. An indication 
of a properly 
socketed 
part is the appearance 
of the 
ALE 
clock 
output. 
The 
lack 
of this 
clock 
may 
be 
used to disable 
the programmer. 


The ProgramlVerify 
sequence 
is: 


1. VDD = 5V, Clock 
applied 
or internal 
oscillator 
operating, 
RESET 
= OV, TO = 5V, EA = 5V, 


BUS and PROG floating. 
P10 and P11 must be 
tied to ground. 


2. Insert P8749H/48H 
in programming 
socket 


3. TO = OV (select 
program 
mode) 


4. EA = 18V (activate 
program 
mode) 


5. Address 
applied 
to BUS and P20-22 


6. RESET 
= 5V (latch address) 


7. Data applied 
to BUS 


8. VDD = 21V (programming 
power) 


9. PROG 
= VCC or float 
followed 
by one 
50 ms 
pulse to 18V 


10. VDD = 5V 


11. TO = 5V (verify mode) 


12. Read and verify data on BUS 


13. TO = OV 


14. RESET 
= OV and repeat from step 5 


15. Programmer 
should 
be at conditions 
of step 
1 
when P8749H/48H 
is removed 
from socket. 


NOTE: 
Once 
programmed 
the 
P8749H/48H 
cannot 
be 
erased. 
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Symbol 
Parameter 
Mln 
Max 
Unit 
Test Conditions 


tAW 
Address 
Setup Time to RESET 
4tCY 


tWA 
Address 
Hold Time After RESET 
4tCY 


tow 
Data in Setup Time to PROG 
4tCY 


two 
Data in Hold Time After PROG 
4tCY 


tpH 
RESET Hold Time to Verify 
4tey 


tvoow 
Voo Hold Time Before PROG 
0 
1.0 
ms 


tVOOH 
Voo Hold Time After PROG 
0 
1.0 
ms 


tpw 
Program Pulse Width 
50 
60 
ms 


tTW 
TO Setup Time for Program Mode 
4tCY 


tWT 
TO Hold Time After Program Mode 
4tCY 


too 
TO to Data Out Delay 
4tCY 


tww 
RESET Pulse Width to Latch Address 
4tCY 


tr• tf 
Voo and PROG Rise and Fall Times 
0.5 
100 
J.l.s 


tey 
CPU Operation 
Cycle Time 
3.75 
5 
J.l.s 


tRE 
RESET Setup Time before EA 
4tey 


NOTE: 
If Test 0 is high, too can be triggered by RESET. 


Symbol 
Parameter 
Mln 
Max 
Unit 
Test Conditions 


VOOH 
Voo Program Voltage 
High Level 
20.5 
21.5 
V 


VOOL 
Voo Voltage 
Low Level 
4.75 
5.25 
V 


VPH 
PROG Program Voltage 
High Level 
17.5 
18.5 
V 


VPL 
PROG Voltage 
Low Level 
4.0 
VCC 
V 


VEAH 
EA Program or Verify Voltage 
High Level 
17.5 
18.5 
V 


100 
Voo High Voltage Supply Current 
20.0 
mA 


IpROG 
PROG High Voltage 
Supply Current 
1.0 
mA 


lEA 
EA High Voltage Supply Current 
1.0 
mA 
. 
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H 
ADDRESS 


, 
(INPUT) 
I 
---~l- 
RESET 
, 
I (INPUT) 
I,, 


P2o-P23 
-_-_-_-_-_-_-_-_A=D=D=R=E=SS========H 
AD_D_R_E_S_S 
_ 


: (INPUT) 


ALE 
(NOTE 
1) 


'12V I 
EA---.J 


: (OUTPUT) 


I 
i 
I' 
: (INPUT) 
, 
I 
I 
I 


DB 
A_D_D_R_ES_S 
__ H ROM 
DATA 


(INPUT) 
(OUTPUT) 
LfROMl 
I ~ 
•... 
-------- 


(OUTPUT)' 


SOH 


ADDR 


ADDR 


NOTE: 
ALE is function 
of Xl, X2 inputs. 


VEAH~' 
IRE 
EA 
VCC 
• 
----PROGRAM 
VCC 
lTW- 
TO 


Vll1 
VCC 


RESET 
Vll1 
lAW 


DIIo-DB7J-- 


VDDH 
--.------------- 


VDO 
VCC------------ 


VPH __ 


PROGVPL------------- 


D8748H/D8749H 
HMOS-E SINGLE-COMPONENT 
8-BIT MICROCOMPUTER 


• 
High Performance 
HMOS·E 


• 
Interval Timer/Event 
Counter 


• 
Two Single Level Interrupts 


• 
Single 5·Volt Supply 
• 
Over 96 Instructions; 
90% Single Byte 


• 
Compatible with 8080/8085 Peripherals 


• 
Easily Expandable Memory and I/O 


• 
Up to 1.35 IJ-sInstruction 
Cycle; 


All Instructions 
1 or 2 Cycles 


The Intel D8749H/D8748H are totally self·sufficient, 8·bit parallel computers fabricated on single silicon chips 
using Intel's advanced N-channel silicon gate HMOS-E process. 


The family contains 27 I/O lines, an 8-bit timer/counter, on-chip RAM and on·board oscillator/clock circuits. 
For systems that require extra capability, the family can be expanded using MCS@-80/MCS@·85peripherals. 


These microcomputers are designed to be efficient controllers as well as arithmetic processors. They have 
extensive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of 
program memory results from an instruction set consisting mostly of single byte instructions and no instruc- 
tions over 2 bytes in length. 


Device 
.~ 
Internal Memory 


D8749H 
., 
2Kx8 EPROM 
I 
128x8 RAM 


D8748H 
1K x 8 EPROM 
I 
64x8 RAM 


XTAL 
-{ 


RESET 


SINGLE 
STEP 


Figure 1. 
Block Diagram 
Figure 2. 
Logic Symbol 


TO 


XTAL 
1 


XTAl2 


RESET 
4 


SS 
5 


iNT 
6 


EA 


jffi 


PSEH 


W- 


ALE 


0.0 
0., 


DB, 


DB,.0. 


DB, 
D., 
D., 


VSS 


Symbol 
Pin No. 
Function 


Vss 
20 
Circuit GND potential. 


Voo 
26 
+ 5V during normal operation. 


Programming 
power supply (+ 21 V). 


Vcc 
40 
Main power supply; + 5V during operation 
and programming. 


PROG 
25 
Output strobe for 8243 I/O expander. 


Program pulse (+ 18V) input pin during programming. 


P10-P17 
27-34 
8-bit quasi-bidirectional 
port. 
Port 1 


P20-P23 
21-24 
8-bit quasi-bidirectional 
port. P20-P23 
contain the four high order program 
counter 
bits during an external 
program 
memory fetch and serve as a 4-bit 
I/O expander 
bus for 8243. 


P24-P27 
35-38 
Port 2 


DBO-DB7 
12-19 
True bidirectional 
port which can be written or read synchronously 
using the 
BUS 
RD, WR strobes. The port can also be statically 
latched. 
Contains 
the 8 Ipw 
order program 
counter 
bits during an external 
program 
memory fetch, and 
receives the addressed 
instruction 
under the control 
of PSEN. Also contains 
the address and data dU~ 
an external 
RAM data store instruction, 
under 
control 
of ALE, RD, and WR. 


TO 
1 
Input pin testable 
using the conditional 
transfer 
instructions 
JTO and JNTO. 


TO can be designated 
as a clock output using ENTO CKL instruction. 


Used during programming. 
, 


T1 
39 
Input pin testable 
using the JT1 , and JNT1 instructions. 
Can be designated 
the timer/counter 
input using the STRT CNT instruction. 


INT 
6 
Interrupt 
input. Initiates an interrupt 
if interrupt 
is enabled. 
Interrupt 
is 
disabled 
after a reset. Also testable 
with conditional 
jump instruction. 
(Active 
low) interrupt 
must remain low for at least 3 machine 
cycles for proper 
operation. 


RD 
8 
Output strobe activated 
during a BUS read. Can be used to enable data onto 
the bus from an external 
device. 


Used as a read strobe to external 
data memory. 
(Active low) 
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Symbol 
Pin No. 
Function 


RESET 
4 
Input which is used to initialize the processor. 
(Active low) (Non TIL 
VIH) 


Used during programming. 


WR 
10 
Output strobe during a bus write. (Active low) 
Used as write strobe to external data memory. 


ALE 
11 
Address 
latch enable. This signal occurs once during each cycle and is 
useful as a clock output. 
The negative edge of ALE strobes 
address into external data and program 
memory. 


PSEN 
9 
Program store enable. This output occurs only during a fetch to external 
program 
memory. 
(Active low.) 


SS 
5 
Single step input can be used in conjunction 
with ALE to "single 
step" 
the 
processor 
through 
each instruction. 


EA 
7 
External access input which forces all program 
memory fetches 
to reference 
external 
memory. 
Useful for emulation 
and debug. (Active high.) 


Used during (18V) programming. 


XTAL1 
2 
One side of crystal input for internal oscillator. 
Also input for external 
source. 
(Non TIL 
VIH.) 


XTAL2 
3 
Other side of crystal input. 


Table 
2. Instruction 
Set 


Mnemonic 
Description 
Bytes 
Cycles 
Mnemonic 
Description 
Bytes 
Cycles 
ACCUMULATOR 
ACCUMULATOR (Continued) 
ADDA, R 
Add register to A 
INCA 
IncrementA 
ADDA,@R 
Add data 
DECA 
Decrement A 
memory to A 
CLRA 
Clear A 
ADD A, "'data 
Add immediate 
2 
2 
CPLA 
Complement A 
toA 
DAA 
Decimal adjust A 
ADDCA, R 
Add register with 
SWAP A 
Swap nibbles of 
carry 
A 
ADDC A, @R 
Add data 
RLA 
Rotate A left 
memory with 
RLCA 
Rotate A left 
carry 
through carry 
ADDC A, "'data 
Add immediate 
2 
2 
RRA 
Rotate A right 
with carry 
RRCA 
Rotate A right 
ANLA, R 
And register to A 
through carry 
ANLA,@R 
And data 
memory to A 
INPUT/OUTPUT 


ANLA, "'data 
And immediate 
2 
2 
INA,P 
Input port to A 
1 
2 
toA 
OUTL P,A 
Output A to port 
1 
2 
ORLA, R 
Or register to A 
ANLP, "'data 
And immediate 
2 
2 
ORLA,@R 
Or data memory 
to port 


toA 
ORL P, "'data 
Or immediate to 
2 
2 


ORLA, "'data 
Or immediate to 
2 
2 
port 


A 
INSA, BUS 
Input BUS to A 
1 
2 
XRLA, R 
Exclusive or 
OUTLBUS, A 
Output A to BUS 
1 
2 


register to A 
ANL BUS, "'data 
And immediate 
2 
2 
XRLA,@R 
Exclusive or 
to BUS 


data memory to 
ORL BUS, "'data 
Or immediate to 
2 
2 


A 
BUS 


XRLA, "'data 
Exclusive or 
2 
2 
MOVDA, P 
Input expander 
2 


immediate to A 
port to A 


intJ 


Mnemonic 
Description 
Bytes 
Cycles 


INPUT/OUTPUT 
(Continued) 
MOVDP,A 
Output A to 
1 
2 
expander 
port 
ANLDP,A 
And A to expander 
1 
2 
port 
ORLDP,A 
Or A to expander 
1 
2 


port 


REGISTERS 
INCR 
Increment 
register 
1 
1 
INC@R 
Increment 
data 
1 
1 


memory 
DECR 
Decrement 
register 
1 
1 


BRANCH 
JMPaddr 
Jump unconditional 
2 
2 
JMPP@A 
Jump indirect 
1 
2 
DJNZ R, addr 
Decrement 
register 
2 
2 
and skip 


JCaddr 
Jump on carry = 1 
2 
2 
JNCaddr 
Jump on carry = 0 
2 
2 
JZ addr 
Jump on A zero 
2 
2 
JNZaddr 
Jump on A not zero 
2 
2 
JTO addr 
Jump on TO = 1 
2 
2 
JNTO addr 
Jump on TO = 0 
2 
2 
JT1 addr 
Jump on T1 = 1 
2 
2 
JNT1 addr 
JumponT1 
= 0 
2 
2 
JFO addr 
Jump on FO = 1 
2 
2 
JF1 addr 
Jump on F1 = 1 
2 
2 
JTFaddr 
Jump on timer flag 
2 
2 


JNI addr 
Jump on INT = 0 
2 
2 


JBbaddr 
Jump on 
2 
2 
accumulator 
bit 


SUBROUTINE 
CALLaddr 
Jump to subroutine 
2 
2 
RET 
Return 
1 
2 
RETR 
Return and restore 
1 
2 
status 


FLAGS 
CLRC 
Clear carry 
1 
1 
CPLC 
Complement 
carry 
1 
1 
CLR FO 
Clear flag 0 
1 
1 
CPLFO 
Complement 
flag 0 
1 
1 
CLR F1 
Clear flag 1 
1 
1 
CPLF1 
Complement 
flag 1 
1 
1 
DATA 
MOVES 
MOVA,R 
Move register to A 
1 
1 
MOVA,@R 
Move data memory 
1 
1 


toA 


MOVA, 
"'data 
Move immediate 
2 
2 
toA 


Mnemonic 
Description 
Bytes 
Cycles 
DATA MOVES 
(Continued) 
MOVR,A 
Move A to register 
MOV@R,A 
Move A to data 
memory 


MOVR, 
"'data 
Move immediate 
to 
2 
2 
register 


MOV @R, "'data 
Move immediate 
to 
2 
2 


data memory 
MOVA,PSW 
MovePSWtoA 
MOVPSW,A 
Move Ato 
PSW 
XCHA, 
R 
Exchange 
A and 
register 
XCHA,@R 
Exchange 
A and 


data memory 
XCHDA,@R 
Exchange 
nibble 
of A and register 
MOVXA,@R 
Move external 
2 
data memory 
to A 
MOVX@R,A 
Move A to external 
2 
data memory 
MOVPA,@A 
Move to A from 
2 
current 
page 
MOVP3A,@A 
Move to A from 
2 
page 3 


TIMER/COUNTER 
MOVA,T 
Read 
timer/counter 
MOVT,A 
Load 
timer/counter 
STRTT 
Start timer 
STRTCNT 
Start counter 
STOP TCNT 
Stop timer/counter 
EN TCNTI 
Enable timer / 
counter 
interrupt 
DISTCNTI 
Disable timer/ 


counter 
interrupt 


CONTROL 
ENI 
Enable external 
interrupt 
DISI 
Disable external 
interrupt 
SEL RBO 
Select 
register 
bank 0 
SEL RB1 
Select 
register 
bank 1 
SELMBO 
Select 
memory 
bank 0 
SEL MB1 
Select 
memory 
bank 1 
ENTOCLK 
Enable clock 
output on TO 
NOP 
No operation 
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"Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Ambient 
Temperature 
Under Bias .... 
O·C to + 70·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage 
On Any Pin With Respect 
to Ground 
- 0.5V to + 7V 


Power Dissipation 
1.0 Watt 


NOTICE' Specifications contained within the 
following tables are subject to change. 


Limits 
Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 
Device 


VIL 
Input Low Voltage 
(All 
-0.5 
0.8 
V 
All 
Except RESET, X1, X2) 


VIL1 
Input Low Voltage 
-0.5 
0.6 
V 
All 
(RESET, X1, X2) 


VIH 
Input High Voltage 
2.0 
Vee 
V 
All 
(All Except XTAL 1, 
XTAL2, RESET 


VIH1 
Input High Voltage 
3.8 
Vee 
V 
- 
All 
(X1, X2, RESET) 


VOL 
Output 
Low Voltage 
(BUS) 
0.45 
V 
IOL = 2.0 mA 
All 


VOL1 
Output 
Low Voltage 
0.45 
V 
IOL = 1.8 mA 
All 
(RD, WR, PSEN, ALE) 


VOL2 
Output 
Low Voltage 
0.45 
V 
IOL = 1.0 mA 
All 
(PROG) 


VOL3 
Output 
Low Voltage 
0.45 
V 
IOL = 1.6 mA 
All 
(All Other Outputs) 


VOH 
Output High Voltage 
(BUS) 
2.4 
V 
IOH = -400 
IJ-A 
All 


VOH1 
~ut 
High Voltage 
2.4 
V 
IOH = -100 
IJ-A 
All 
(RD, WR, PSEN, ALE) 


VOH2 
Output High Voltage 
2.4 
V 
IOH = -40 
IJ-A 
All 
(All Other Outputs) 


1L1 
Leak~ 
Current 
±10 
IJ-A 
VSS ::; VIN ::; Vee 
All 
(T1,INT) 


IU1 
Input Leakage Current 
-500 
IJ-A 
Vss + 0.45 ::; VIN ::; Vee 
All 
(P1 0-P17, 
P20-P27, 
EA,SS) 


IU2 
Input Leakage Current 
-10 
-300 
IJ-A 
VSS ::; VIN ::; 3.8V 
All 
RESET 


ILO 
Leakage Current 
±10 
IJ-A 
VSS ::; VIN ::; Vee 
All 
(BUS, TO) (High 
Impedance 
State) 


100 + Ice 
Total Supply Current" 
80 
100 
mA 
. 
8748H 


95 
110 
mA 
8749H 


NOTE: 
"Ice + IDD is measured 
with all outputs 
disconnected; 
55, 
RESET, 
and INT equal to Vee; 
EA equal to Vss. 
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f(t) 
11 MHz 
Conditions 
Symbol 
Parameter 
Unit 
(Note 3) 
Min 
Max 
(Note 
1) 


t 
Clock Period 
\ 
1/xtal freq 
90.9 
1000 
ns 
(Note 3) 


tLL 
ALE Pulse Width 
3.5t - 
170 
150 
ns 


tAL 
Addr Setup to ALE 
2t - 
110 
70 
ns 
(Note 2) 


tLA 
Addr Hold from ALE 
t - 
40 
50 
ns 


teC1 
Control 
Pulse Width (RD, WR) 
7.5t - 
200 
480 
ns 


teC2 
Control 
Pulse Width (PSEN) 
6t - 
200 
350 
ns 


tow 
Data Setup before WR 
6.5t - 
200 
390 
ns 


two 
Data Hold after WR 
t - 
50 
40 
ns 


tOR 
Data Hold (RD, PSEN) 
1.5t - 
30 
0 
110 
ns 


tR01 
RDto 
Data In 
6t - 
170 
375 
ns 


tR02 
PSEN to Data In 
4.5t - 
170 
240 
ns 


tAW 
Addr Setup to WR 
5t - 
150 
300 
ns 


tA01 
Addr Setup to Data (RD) 
10.5t - 
220 
730 
ns 


tA02 
Addr Setup to Data (PSEN) 
7.5t - 
200 
460 
ns 


tAFC1 
Addr Float to RD, WR 
2t-40 
140 
ns 
(Note 2) 


tAFC2 
Addr Float to PSEN 
0.5t - 
40 
10 
ns 
(Note 2) 


tLAFC1 
ALE to Control (RD, WR) 
3t - 
75 
200 
ns 


tLAFC2 
ALE to Control (PSEN) 
1.5t - 
75 
60 
ns 


tCA1 
Control to ALE (RD, WR, PROG) 
t - 
65 
25 
ns 


tCA2 
Control to ALE (PSEN) 
4t - 
70 
290 
ns 


tcp 
Port Control Setup to PROG 
1.5t - 
80 
50 
ns 


tpc 
Port Control 
Hold to PROG 
4t - 
260 
100 
ns 


tpR 
PROG to P2 Input Valid 
8.5t - 
120 
650 
ns 


tpF 
Input Data Hold from PROG 
1.5t 
0 
140 
ns 


top 
Output Data Setup 
6t - 
290 
250 
ns 


tpo 
Output Data Hold 
1.5t - 
90 
40 
ns 


tpp 
PROG Pulse Width 
10.5t - 
250 
700 
ns 


tPL 
Port 2 I/O Setup to ALE 
4t - 
200 
160 
ns 


tLP 
Port 2 I/O Hold to ALE 
0.5t - 
30 
15 
ns 


tpv 
Port Output from ALE 
4.5t + 100 
510 
ns 


toPRR 
TO Rep Rate 
3t 
270 
ns 


tCY 
Cycle Time 
15t 
1.36 
15.0 
JLs 


NOTES: 
1. Control 
outputs 
CL = 80 pF; BUS outputs 
CL = 150 pF. 
2. BUS High Impedance 
Load 20 pF. 


3. fit) assumes 
50% 
duty cycle 
on Xl, X2. Max clock 
period 
is for a 1 MHz crystal 
input. 
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INSTRUCTION 
FETCH 
FROM 
PROGRAM 
MEMORY 


--lILAFC,L 


ALE J~-~I 
I 


tCA,I- 


ADDRESS 


BUS FLOATING 


[ 
FLOATING 


-IAW---J 


:::v 
JX~:~:: 
TEST POINTS::~:~X,- 
I 


A.G. testing 
inputs 
are driven 
at 2.4V 
for a Logic 
"'" 
and 0.45V 


for a Logic 
"0". 
Output 
timing 
measurements 
are made 
at 2.0V 


for a Logic 
"'" 
and O.BV for a Logic 
"0." 
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1ST CYCLE I 
i 
1PL-1 


I 
I 


I 
I 
I 


~tPv1 


I 
I 
I 
I 
I 
I 
I 
PCH 


I 
P24-27 
P10-17 
OUTPUT 


I 
I 
PORT 24-27. PORT 10-17 DATA 
I 
I 
I 


~IAL+-.tLA--r-tPL--*i 


PCH 
I 
I PORT CONTROL 


I 
I 
1-" 
_tPR_ 


PCH 
I 


I 


---j 
!-tCA1 


ItPD 


~lDP 
"I" "I 
I 
OUTPUT DATAI 


I 


lLP 


EXPANDER 
PORT 


OUTPUT 


EXPANDER 
PORT 


INPUT 


C1 


.{ 
C2;:=~:':': 


I 
~ 
I 


1-11 
MHz 
= 


C1 


~ 


( 


1-11 
MHz 


~ 
C1~C2~33pF±5'1o= 


C3 
C1 
~ 
5 pF 
± % pF + (STRAY 
< 5 pF) 
C2 
~ 
(CRYSTAL 
+ STRAY) 
< 8 pF 
C3 = 20 pF 
±1 
pF (STRAY 
< 5 pF) 


Crystal 
series 
resistance 
should 
be less than 30n at 11 MHz; less 
than 75n at 6 MHz; less than 180n at 3.6 MHz. 


TTLOPEN 
COLLECTOR 
GATES 


XTAL2 


210983-11 
For XTAL1 and XlAL2 define "high" as voltages above 1.6V and 
"low" as voltages below 1.6V. The duty cycle requirements for 
externally driving XTAL1 and XlAL2 using the circuit shown 
above are as follows: XTAL1 must be high 35-65% of the period 
and XTAL2 must be high 36-65% 
of the period. Rise and fall 
times must be faster than 20 ns; 


PROGRAMMING, 
VERIFYING 
AND 
ERASING 
THE 8749H (8748H) 
EPROM 


Programming 
Verification 


In brief, the programming 
process 
consists 
of: acti- 
vating 
the 
program 
mode, 
applying 
an 
address, 
latching 
the address, 
applying 
data, and applying 
a 
programming 
pulse. Each word is programmed 
com- 
pletely 
before moving on to the next and is followed 
by a verification 
step. The following 
is a list of the 
pins used for programming 
and a description 
of their 
functions: 


Pin 
Function 


XTAL1 
Clock Input (3 to 4.0 MHz) 
XTAL2 
RESET 
Initialization 
and Address 
Latching 
TEST 0 
Selection 
of Program or Verify Mode 
EA 
Activation 
of ProgramlVerify 
Modes 
BUS 
Address 
and Data Input 
Data Output During Verify 
P20-P22 
Address 
Input 
Voo 
Programming 
Power Supply 
PROG 
Program Pulse Input 


An 
attempt 
to 
program 
a 
missocketed 
8749H 
(8748H) 
will result in severe 
damage 
to the part. An 
indication 
of a properly 
socketed 
part is the appear- 
ance of the ALE clock output. The lack of this clock 
may be used to disable 
the programmer. 


The ProgramlVerify 
sequence 
is: 


1) Voo = 5V, Clock applied or internal 
oscillator 
op- 
erating. 
RESET = OV, TEST 0 = 5V, EA = 5V, 


BUS and PROG floating. 
P10 and P11 must 
be 
tied to ground. 


2) Insert 8749H 
(8748H) 
in programming 
socket. 


3) TEST 0 = OV (select 
program 
mode) 


4) EA = 18V (activate 
program 
mode) 


5) Address 
applied 
to BUS and P20-22 


6) RESET 
= 5V (latch address) 


7) Data applied 
to BUS 


8) Voo = 21V (programming 
power) 


9) PROG 
= 
VCC or float 
followed 
by one 
50 ms 
pulse to 18V 


10) Voo = 5V 


11) TEST 0 = 5V (verify mode) 


12) Read and verify data on BUS 


13) TEST 0 = OV 


14) RESET 
= OV and repeat from step 5 


15) Programmer 
should 
be at conditions 
of step 
1 
when 8749H 
(8748H) 
is removed 
from socket. 


inter 


A.C. TIMING 
SPECIFICATION 
FOR PROGRAMMING 
8748H/8749H 
TA = 25°C 
±5°C; 
VCC = 5V ±5%; 
Voo = 21V 
±0.5V 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


tAW 
Address 
Setup Time to RESET i 
4tCY 


tWA 
Address 
Hold Time after RESET i 
4tCY 


tow 
Data in Setup Time to PROG i 
4tCY 


two 
Data in Hold Time after PROG J, 
4tCY 


tpH 
RESET Hold Time to Verify 
4tCY 


tvOOW 
Voo Hold Time before PROG i 
0 
1.0 
ms 


tVOOH 
Voo Hold Time after PROG J, 
0 
1.0 
ms 


tpw 
Program Pulse Width 
50 
60 
ms 


tTW 
TEST 0 Setup Time for Program Mode 
4tCY 


tWT 
TEST 0 Hold Time after Program Mode 
4tCY 
- 


too 
TEST 0 to Data Out Delay 
4tCY 


tww 
RESET Pulse Width to Latch Address 
4tCY 


tr, tf 
Voo and PROG Rise and Fall Times 
0.5 
100 
JLs 


tCY 
CPU Operation 
Cycle Time 
3.75 
5 
JLs 


tRE 
RESET Setup Time before EA i 
4tCY 


NOTE: 
If TEST 0 is high, too can be triggered by RESET t. 


D.C. SPECIFICATION 
FOR PROGRAMMING 
8748H/8749H 
TA = 25°C 
±5°C; 
Vcc = 5V ±5%; 
Voo = 21V 
±0.5V 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


VOOH 
Voo Program Voltage 
High Level 
20.5 
21.5 
V 


VOOL 
Voo Voltage 
Low Level 
4.75 
5.25 
V 


VPH 
PROG Program Voltage 
High Level 
17.5 
18.5 
V 


VPL 
PROG Voltage 
Low Level 
4.0 
VCC 
V 


VEAH 
EA Program or Verify Voltage 
High Level 
17.5 
18.5 
V 


100 
Voo High Voltage Supply Current 
20.0 
mA 


IpROG 
PROG High Voltage Supply Current 
1.0 
mA 


lEA 
EA High Voltage Supply Current 
1.0 
mA 


inter 


VIL1 


VCC 


RESET 


VIL1 


__ 
-{NEXT 
ADDRK 
VALID 


IVDnW- 
IVDDH 
VDDH 
_____' 
Ipw 
IWT 
Voo..:2~~~~~~-_-_-_-_-_-_-_-_-t-~-~-51 
u-~-:-_-_-_-_-_-_-_--_-_-_-_-_-_-_-_-_-_-_-. 


210983-12 


\---_---.1/ 
\- 


DBO-DB7 J-- 
---{ 
NEXT 


. ADDRESS 
X NEXT 
DATA >- 


OUT 
VALID 


_____ X 
A_DD_R_E_S_S_(_S-_9l_V_A_L_ID -'X 
N_E_X_T_A_D_D_R_E_SS_VA_L_ID_ 


inter 


, 
i, 
: (INPUT) 
,,,,H 
ADDRESS 


, 
(INPUT) 
I 


TO, RESET 
------ 
--------(--- 


I (INPUT) 
I,, 
___ 
:----A-DD-R-E-S-S 
----H 
P2o-P23 
~--------- --------- 
I (INPUT) 
I 


--=:J 
EA 


DB 
~ __ 
A_D_D_R_ES_S_ 
••••H 
ROM DATA 


(INPUT) 
(OUTPUT) 


,,,,,,,, 
UfiOMl 
I ~--------- 


(OUTPUT)' 


48H 


A10 
0 


A11 
0 


49H 


ADDR 


o 


NOTE: 
ALE is function 
of X1, X2 inputs. 


MCS®-48 
EXPRESS 


• 
O·Cto 70·C Operation 


• 
- 40·C to + 85·C Operation 


• 
168 Hr. Burn-In 


• 
8048AH/8035AHL 


• 
8049AH/8039AHL 


• 
8050AH/8040AHL 


• 
8748H 


• 
8243 
• 
8749H 


The new Intel EXPRESS family of single-component 
8-bit microcomputers 
offers enhanced 
processing 
options 
to the familiar 
8048AH/8035AHL, 
8748H, 
8049AH/8039AHL, 
8749H, 
8050AH/8040AHL 
Intel components. 


These 
EXPRESS 
products 
are designed 
to meet the needs 
of those 
applications 
whose 
operating 
require- 
ments exceed 
commercial 
standards, 
but fall short of military conditions. 


The EXPRESS 
options 
include 
the commercial 
standard 
and - 40·C to + 85°C operation 
with or without 
168 
±8 
hours 
of dynamic 
burn-in 
at 125·C 
per MIL-STD-883, 
method 
1015. 
Figure 
1 summarizes 
the 
option 
marking 
designators 
and package 
selections. 


For a complete 
description 
of 8048AH/8035AHL, 
8748H, 
8049AH/8309AHL, 
8749H, 
8040AHL 
and 8050AH 
features 
and operating 
characteristics, 
refer to the respective 
standard 
commercial 
grade 
data sheet. 
This 
document 
highlights 
only the electrical 
specifications 
which differ from the respective 
commercial 
part. 


I 
Temp 
Range °C 
0-70 
-40-+85 
0-70 
-40-+85 


I 
Burn 
In 
o Hrs 
o Hrs 
168Hrs 
168Hrs 


P8048AH 
TP8048AH 
QP8048AH 
LP8048AH 
D8048AH 
TD8048AH 
QD8048AH 
, 
LD8048AH 
D8748H 
TD8748H 
QD8748H 
LD8748H 
P8035AHL 
TP8035AHL 
QP8035AHL 
LP8035AHL 
D8035AHL 
TD8035AHL 
QD8035AHL 
LD8035AHL 
P8049AH 
TP8049AH 
QP8049AH 
LP8049AH 
D8049AH 
TD8049AH 
QD8049AH 
LD8049AH 
D8749H 
TD8749AH 
QD8749H 
LD8749AH 
P8039AHL 
TP8039AHL 
QP8039AHL 
LP8039AHL 
D8039AHL 
TD8039AHL 
QD8039AHL 
LD8039AHL 
P8050AH 
TP8050AH 
QP8050AH 
LP8050AH 
D8050AH 
TD8050AH 
QD8050AH 
LD8050AH 
P8040AHL 
TP8040AHL 
QP8040AHL 
LP8040AHL 
D8040AHL 
TD8040AHL 
QD8040AHL 
LD8040AHL 
P8243 
TP8243 
QP8243 
- 
D8243 
TD8243 
QD8243 
LD8243 


• Commercial 
Grade 
P Plastic 
Package 
o Cerdip 
Package 


TP8048AH/TP8035AHL/LP8048AH/LP8035AHL 
TD8048AH/TD8035AHL/LD8048AH/LD8035AHL 


Symbol 
Parameter 
Limits 
Unit 
Test Conditions 


Min 
Typ 
Max 


VIH 
Input High Voltage 
(All Except 
2.2 
Vee 
V 
XTAL1,XTAL2,RESET) 


100 
Voo Supply Current 
4 
8 
mA 


'00 + Ice 
Total Supply Current 
40 
80 
mA 


TP8049AH/TP8039AHL/LP8049AH/LP8039AHL 
TD8049AH/TD8039AHL/LD8049AH/LD8039AHL 


Symbol 
Parameter 
Limits 
Unit 
Test Conditions 


Min 
Typ 
Max 


VIH 
Input High Voltage 
(All Except 
2.2 
Vee 
V 
XTAL1,XTAL2,RESET) 


100 
Voo Supply Current 
5 
10 
mA 


100 + Ice 
Total Supply Current 
50 
100 
mA 


TP8050AH/TP8040AHL/LP8050AHL/LP8040AHL 
TD8050AHITD8040AHL/LD8050AH/LD8040AHL 


Symbol 
Parameter 
Limits 
Unit 
Test Conditions 


Min 
Typ 
Max 


VIH 
Input High Voltage 
(All Except 
2.2 
Vee 
V 
XTAL1, XTAL2, RESET) 


100 
Voo Supply Current 
10 
20 
mA 


100 + Ice 
Total Supply Current 
75 
120 
mA 


inter 


Symbol 
Parameter 
Limits 
Unit 
Test Conditions 
Mln 
Typ 
Max 


VIH 
Input High Voltage 
(All Except 
2.2 
Vee 
V 
XTAL 1, XTAL2, RESET) 


'DO + Ice 
Total Supply Current 
50 
130 
mA 


Symbol 
Parameter 
Limits 
Unit 
Test Conditions 
Mln 
Typ 
Max 


VIH 
Input High Voltage 
(All Except 
2.2 
Vee 
V 
XTAL1, XTAL2, RESET) 


100 + Ice 
Total Supply Current 
75 
150 
mA 


Symbol 
Parameter 
Limits 
Unit 
Test Conditions 
Mln 
I 
Typ 
I 
Max 


Ice 
Vee Supply Current 
I 
15 
I 
25 
mA 


M\"';~\!Y"'~ 1 Architectural 
Overview 


ARCHITECTURAL 
OVERVIEW 
OF THE MCS®·51 FAMILY OF MICROCONTROLLERS 


The 8051 is the original member of the MCS®-51 family, and is the core for all MCS-51 devices. The features of the 
8051 core are: 
• 8-bit CPU optimized for control applications 
• Extensive Boolean processing (single-bit logic) capabilities 


• 64K Program Memory address space 
• 64K Data Memory address space 
• 4K bytes of on-chip Program Memory 
• 128 bytes of on-chip Data RAM 
• 32 bidirectional and individually addressable I/O lines 


• Two 16-bit timer/counters 
• Full duplex UART 
• 6-source/5-vector interrupt structure with two priority levels 
• On-chip clock oscillator 


} 
COUNTER 
INPUTS 


Each device on the MCS-51 family consists of all the core features plus some additional features. A feature comparison of all the MCS-51 devices is shown in 
Table 1. 


a-Bit 
16-Bit 
Programmable 
Serial 
Global 
Interrupt 
Device 
ROMless 
EPROM 
ROM 
RAM 
I/O 
Timer/ 
Counter 
UART 
Expansion 
Serial 
DMA 
AID 
Sources/ 
Power Down 
Version 
Version 
Bytes 
Bytes 
Ports 
Counters 
Array 
Port 
Channel 
Channels 
Channels 
Vectors 
and Idle Modes 
(PCA) 
(SEP) 
(GSC) 


8051 
8031 
- 
4K 
128 
4 
2 
" 
6/5 


8051AH 
8031AH 
8751H 
4K 
128 
4 
2 
" 
6/5 
8751BH 


8052AH 
8032AH 
8752BH 
8K 
256 
4 
3 
" 
8/6 


80C51BH 
80C31BH 
87C51 
4K 
128 
4 
2 
" 
6/5 
" 
83C51FA 
80C51FA 
87C51FA 
8K 
256 
4 
3 
" 
" 
14/7 
" 


I 


83C51FB 
80C51FA 
87C51FB 
16K 
256 
4 
3 
" 
" 
14/7 
" 
83C51GA 
80C51GA 
87C51GA 
4K 
128 
4 
2 
" 
" 
8 
8/7 
" 
83C152JA 
80C152JA 
- 
8K 
256 
5 
2 
" 
" 
2 
19/11 
" 
- 
80C152JB 
- 
- 
256 
7 
2 
" 
" 
2 
19/11 
" 
83C152JC 
80C152JC 
- 
8K 
256 
5 
2 
" 
" 
2 
19/11 
" 
- 
80C152JD 
- 
- 
256 
7 
2 
" 
" 
2 
19/11 
" 
83C451 
80C451 
- 
4K 
128 
7 
2 
" 
6/5 
" 
83C452 
80C452 
87C452P 
8K 
256 
5 
2 
" 
9/8 
" 


inter 


PROGRAIoI 
IoIEIoIORY 
(READ 
ONLY) 
.---------_ ..._---._-----. 


DATA 
IoIEIoIORY 
(READ/WRITE) 
.----------------_._.-------. 


INTERNAL 


FFH.tp------ 


",,,, 


00 
DODO 


Functionally, 
the CHMOS devices (designated with 
"C" in the middle of the device name) are all fully 
compatible with the 8051, but being CMOS, draw less 
current than an HMOS counterpart. To further exploit 
the power savings available in CMOS circuitry, two re- 
duced power modes are added: 
• Software-invoked Idle Mode, during which the CPU 
is turned off while the RAM and other on-chip 
peripherals continue operating. In this mode, cur- 
rent draw is reduced to about 15% of the current 
drawn when the device is fully active. 


• Software-invoked Power Down Mode, during which 
all on-chip activities are suspended. The on-chip 
RAM continues to hold its data. In this mode the 
device typically draws less than 10 IJ-A. 


Although the 8OC51BHis functionally compatible with 
its HMOS counterpart, specific differences between the 
two types of devices must be considered in the design of 
an application circuit if one wishes to ensure complete 
interchangeability 
between the HMOS and CHMOS 
devices. These considerations are discussed in the Ap- 
plication 
Note 
AP-252, 
"Designing 
with 
the 
80C51BH". 


For more information on the individual devices and 
features listed in Table I, refer to the Hardware De- 
scriptions and Data Sheets of the specific device. 


MEMORY 
O~GANIZATION 
IN 
MCS®-51 
DEVICES 


Logical Separation 
of Program and 
Data Memory 


All MCS-51 devices have separate address spaces for 
Program and Data Memory, as shown in Figure 2. The 
logical separation of Program and Data Memory allows 
the Data Memory to be accessed by 8-bit addresses, 
which can be more quickly stored and manipulated by 
an 8-bit CPU. Nevertheless, 16-bit Data Memory ad- 
dresses can also be generated through the DPTR regis- 
ter. 


Program Memory can only be read, not written to. 
There can be up to 64K bytes of Program Memory. In 
the ROM and EPROM versions of these devices the 
lowest 4K, 8K or 16K bytes of Program Memory are 
provided on-chip. Refer to Table 1 for the amount of 
on-chip ROM (or EPROM) 
on each device. In the 
ROMless versions all Program 
Memory is external. 


The read strobe for external Program Memory is the 
signal PSEN (Program Store Enable). 


:"lO~all"J.nCUlUiY, 
up 
LU ~l\... 
Oyles or eXternal 
KAM 
can be addressed in the external Data Memo~ace. 
The CPU generates read and write signals, RD and 
WR, as needed during external Data Memory accesses. 


External Program Memory and external Data Memory 
may be combined if desired by applying the RD and 
PSEN signals to the inputs of an AND gate and using 
the output of the gate as the read strobe to the external 
Program/Data 
memory. 


Figure 3 shows a map of the lower part of the Program 
Memory. After reset, the CPU begins execution from 
location OOOOH. 


As shown in Figure 3, each interrupt is assigned a fixed 
location in Program Memory. The interrupt causes the 
CPU to jump to that location, where it commences exe- 
cution of the service routine. External Interrupt 0, for 
example, is assigned to location 0003H. If External In- 
terrupt 0 is going to be used, its service routine must 
begin at location 0003H. Ifthe interrupt is not going to 
be used, its service location is available as general pur- 
pose Program Memory. 


00lBH=r 
8 BYTES 
0013H 


The interrupt service locations are spaced at 8-byte in- 
tervals: 0003H for External Interrupt 
0, OOOBHfor 
Timer 0, 0013H for External Interrupt 
I, OOIBH for 
Timer I, etc. If an interrupt service routine is short 
enough (as is often the case in control applications), it 
can reside entirely within that 8-byte interval. Longer 
service routines can use a jump instruction to skip over 
subsequent interrupt locations, if other interrupts are in 
use. 


ory can be either In the on-chip ROM or in an external 
ROM. This selection is made by strapping the EA (Ex- 
ternal Access) pin to either VCC or Vss. 


In the 4K byte ROM devices, if the EA pin is strapped 
to Vcc' then program 
fetches to addresses OOOOH 
through OFFFH are directed to the internal ROM. Pro- 
gram fetches to addresses lOOOHthrough FFFFH 
are 
directed to external ROM. 


In the 8K byte ROM devices, EA = Vcc selects ad- 
dresses OOOOHthrough IFFFH to be internal, and ad- 
dresses 2000H through FFFFH to be external. 


In the 16K byte ROM devices, EA = VCC selects ad- 
dresses OOOOHthrough 3FFFH to be internal, and ad- 
dresses 4000H through FFFFH to be external. 


If the EA pin is strapped to Vss, then all program 
fetches are directed to external ROM. The ROMless 
parts must have this pin externally strapped to Vss to 
enable them to execute properly. 


The read strobe to external ROM, PSEN, is used for all 
external program fetches. PSEN is not activated for in- 
ternal program fetches. 


Figure 4. Executing 
from External 
Program 
Memory 


The hardware configuration for external program exe- 
cution is shown in Figure 4. Note that 16 I/O lines 
(ports 0 and 2) are dedicated to bus functions during 
external Program Memory fetches. Port 0 (POin Figure 
4) serves as a multiplexed address/data 
bus. It emits 
the low byte of the Program Counter (PCL) as an ad- 
dress, and then goes into a float state awaiting the arriv- 
al of the code byte from the Program Memory. During 
the time that the low byte of the Program Counter is 
valid on PO, the signal ALE (Address Latch Enable) 
clocks this byte into an address latch. Meanwhile, Port 
2 (P2 in Figure 4) emits the high byte of the Program 
Counter (PCH). Then PSEN strobes the EPROM and 
the code byte is read into the microcontroller. 


inter 


Program Memory addresses are always 16 bits wide, 
even though the actual amount of Program Memory 
used may be less than 64K bytes. External program 
execution sacrifices two of the-8-bit ports, POand P2, to 
the function of addressing the Program Memory. 


The right half of Figure 2 shows the internal and exter- 
nal Data Memory spaces available to the MCS-5l user. 


Figure 5 shows a hardware configuration for accessing 
up to 2K bytes of external RAM. The CPU in this case 
is executing from internal ROM. Port 0 serves as a 
multiplexed address/data bus to the RAM, and 3 lines 
of Port 2 are being used to page the RAM. The CPU 
generates RD and WR signals as needed during exter- 
nal RAM accesses. 


Figure 5. Accessing External Data Memory. 
If the Program Memory is Internal, the Other 
Bits of P2 are Available as 110. 


There can be up to 64K bytes of external Data Memo- 
ry. External Data Memory addresses can be either 1 or 
2 bytes wide. One-byte addresses are often used in con- 
junction with one or more other I/O lines to page the 
RAM, as shown in Figure 5. Two-byte addresses can 
also be used, in which case the high address byte is 
emitted at Port 2. 


rrw--------y----..., 
rrH 


: 
ACCESSIBLE 
ACCESSIBLE 
UPPER 
,BY 
INDIRECT 
BY DIRECT 
12B 
I 
ADDRESSING 
ADDRESSING 


SOH: 
ONLY 


7rH 


LOWER 
128 


ACCESSIBLE 
BY DIRECT 
AND 
INDIRECT 
ADORESSING 
OL.. 
.J 


80H 


"- 
SPECIAL 
} PORTS 
rUNCTION 
STATUS 
AND 
REGISTERS 
CONTROL 
BITS 


T1ljER 
REGISTERS 
STACK 
POINTER 
ACCUljULATOR 
(ETC.) 
270251-6 


Internal Data Memory is mapped in Figure 6. The 
memory space is shown divided into three blocks, 
which are generally referred to as the Lower 128, the 
Upper 128, and SFR space. 


Internal Data Memory addresses are always one byte 
wide, which implies an address space of only 256 bytes. 
However, the addressing modes for internal RAM can 
in fact accommodate 384 bytes, using a simple trick. 
Direct addresses higher than 7FH access one memory 
space, and indirect addresses higher than 7FH access a 
different memory space. Thus Figure 6 shows the Up- 
per 128 and SFR space occupying the same block of 
addresses, 80H through FFH, although they are physi- 
cally separate entities. 


7FH 


2rH 
}(' 


20H 


lrH 
18H 


17H 
10H 
• 


orH 
8 
R 
08H 


07H 
- 
0 


BANK 
SELECT 
BITS IN 


PSW~ 
11( 


10( 


01 ( 


00 ( 


BANKS 
or 
REGISTERS 
D-R7 


RESET VALUE 
or 
STACK 
POINTER 


270251-7 


The Lower 
128 bytes of RAM 
are present 
in all 
MCS-5l devices as mapped in Figure 7. The lowest 32 
bytes are grouped into 4 banks of 8 registers. Program 
instructions call out these registers as RO through R7. 
Two bits in the Program Status Word (PSW) select 
which register bank is in use. This allows more efficient 
use of code space, since register instructions are shorter 
than instructions that use direct addressing. 


AVAILABLE 
AS STACK 
SPACE 
IN DEVICES 
WITH 
256 
BYTES 
RAlj 


PSW 7 


CARRY FLAG RECEIVES CARRY OUT 
FROM BIT 1 OF ALU OPERANDS 


PSW 6 
AUXILIARY CARRY FLAG RECEIVES 


CARRY OUT FROM BIT 1 OF 
ADDITION OPERANDS 


PSW 0 
PARITY OF ACCUMULATOR SET 
BY HARDWARE TO 1 IF IT CONTAINS 
AN ODD NUMBER OF 1S. OTHERWiSE 
IT IS RESET TO 0 


PSW 2 
OVERFLOW FLAG SET BY 
ARITHMETIC OPERATIONS 


The next 16bytes above the register banks form a block 
of bit-addressable memory space. The MCS-51 instruc- 
tion set includes a wide selection of single-bit instruc- 
tions, and the 128 bits in this area can be directly ad- 
dressed by these instructions. The bit addresses in this 
area are OOHthrough 7FH. 


All of the bytes in the Lower 128 can be accessed by 
either direct or indirect addressing. The Upper 
128 


(Figure 8) can only be accessed by indirect addressing. 
The Upper 128 bytes of RAM are not implemented in 
the 8051, but are in the devices with 256 bytes of RAM. 
(See Table I). 


Figure 9 gives a brief look at the Special Function Reg- 
ister (SFR) space. SFRs include the Port latches, tim- 
ers, peripheral controls, etc. These registers can only be 
accessed by direct addressing. In general, all MCS-51 
microcontrollers have the same SFRs as the 8051, and 
at the same addresses in SFR space. However, enhance- 
ments to the 8051 have additional SFRs that are not 
present in the 8051, nor perhaps in other proliferations 
of the family. 


ACC 


PORT 3 
, 


PORT 2 


PORT 1 
: 


PORT 0 


-PORT 
PINS 
-ACCUMULATOR 
-PSW 


(ETC.) 


ADDRESSES THAT END IN 
OH OR BH ARE ALSO 
BIT-ADDRESSABLE 


Sixteen addresses i~ SFR space are both byte- and bit- 
addressable. The bit-addressable SFRs are those whose 
address ends in OOOB.The bit addresses in this area are 
80H through FFH. 


All members of the MCS-51 family execute the same 
instruction 
set. The MCS-51 instruction 
set is opti- 


mized for 8-bit control applications. It provides a vari- 
ety of fast addressing modes for accessing the internal 
RAM to facilitate byte operations on small data struc- 
tures. The instruction set provides extensive support for 
one-bit variables as a separate data type, allowing direct 
bit manipulation in control and logic systems that re- 
quire Boolean processing. 


An overview of the MCS-51 instruction set is presented 
below, with a brief description of how certain instruc- 
tions might be used. References to "the assembler" in 
this discussion are to Intel's MCS-51 Macro Assembler, 
ASM51. More detailed information on the instruction 
set can be found in the MCS-51 Macro Assembler Us- 
er's Guide (Order No. 9800937 for ISIS Systems, Order 
No. 122752 for DOS Systems). 


The Program 
Status Word (PSW) contains 
several 


status bits that reflect the current state of the CPU. The 
PSW, shown in Figure 10, resides in SFR space. It con- 
tains the Carry bit, the Auxiliary Carry (for BCD oper- 
ations), the two register bank select bits, the Overflow 
flag, a Parity bit, and two user-definable status flags. 


The Carry bit, other than serving the functions of a 
Carry bit in arithmetic operations, also serves as the 
"Accumulator" 
for a number of Boolean operations. 


The bits RSOand RS I are used to select one of the four 
register banks shown in Figure 7. A number of instruc- 
tions refer to these RAM locations as RO through R7. 
The selection of which of the four banks is being re- 
ferred to is made on the basis of the bits RSO and RS I 
at execution time. 


The Parity bit reflects the number of Is in the Accumu- 
lator: P = I if the Accumulator contains an odd num- 
ber of Is, and P = 0 if the Accumulator contains an 
even number of Is. Thus the number of Is in the Accu- 
mulator plus P is always even. 


Two bits in the PSW are uncommitted and may be used 
as general purpose status flags. 


The addressing modes in the MCS-51 instruction set 
are as follows: 


In direct addressing the operand is specified by an 8-bit 
address field in the instruction. 
Only internal Data 
RAM and SFRs can be directly addressed. 


In indirect addressing the instruction specifies a register 
which contains the address of the operand. Both inter- 
nal and external RAM can be indirectly addressed. 


The address register for 8-bit addresses can be RO or 
RI of the selected register bank, or the Stack Pointer. 
The address register for 16-bit addresses can only be the 
16-bit "data pointer" register, DPTR. 


The register banks, containing registers ROthrough R7, 
can be accessed by certain instructions which carry a 
3-bit register specification within the opcode of the in- 
struction. Instructions that access the registers this way 
are code efficient, since this mode eliminates an address 
byte. When the instruction is executed, one of the eight 
registers in the selected bank is accessed. One of four 
banks is selected at execution time by the two bank 
select bits in the PSW. 


Some instructions are specific to a certain register. For 
example, some instructions always operate on the Ac- 
cumulator, or Data Pointer, etc., so no address byte is 
needed to point to it. The opcode itself does that. In- 
structions that refer to the Accumlator as A assemble 
as accumulator-specific opcodes. 


The value of a constant can follow the opcode in Pro- 
gram Memory. For example, 


loads the Accumulator with the decimal number 100. 
The same number could be specified in hex digits as 
64H. 


Only Program Memory can be accessed with indexed 
addressing, and it can only be read. This addressing 
mode is intended for reading look-up tables in Program 
Memory. A 16-bit base register (either DPTR or the 
Program Counter) points to the base of the table, and 
the Accumulator is set up with the table entry number. 
The address of the table entry in Program Memory is 
formed by adding the Accumulator 
data to the base 
pointer. 


Another type of indexed addressing is used in the "case 
jump" instruction. In this case the destination address 
of a jump instruction is computed as the sum of the 
base pointer and the Accumulator data. 


The menu of arithmetic instructions is listed in Table 2. 
The table indicates the addressing modes that can be 
used with each instruction to access the <byte> 
oper- 
and. For example, the ADD A, <byte> 
instruction can 
be written as: 


ADD 
ADD 
ADD 
ADD 


A,7FH 
A,@RO 
A,R7 
A,#127 


(direct addressing) 
(indirect addressing) 
(register addressing) 
(immediate constant) 


The execution times listed in Table 2 assume a 12 MHz 
clock frequency. All of the arithmetic instructions exe- 
cute in I fLs except the INC DPTR instruction, which 
takes 2 fLs, and the Multiply and Divide instructions, 
which take 4 fLs. 


Note that any byte in the internal Data Memory space 
can be incremented 
or decremented 
without 
going 
through the Accumulator. 


One of the INC instructions 
operates on the 16-bit 
Data Pointer. The Data Pointer is used to generate 
16-bit addresses for external memory, so being able to 
increment it in one 16-bit operation is a useful feature. 


The MUL AB instruction multiplies the Accumulator 
by the data in the B register and puts the 16-bit product 
into the concatenated B and Accumulator registers. 


inter 


Mnemonic 
Operation 
Addressing 
Modes 
Execution 


Dlr 
Ind 
Reg 
Imm 
Time (J-Ls) 


ADD 
A,<byte> 
A = A + <byte> 
X 
X 
X 
X 
1 


ADDC A,< byte> 
A = A + <byte> 
+ C 
X 
X 
X 
X 
1 


SUBB A,<byte> 
A = A - 
<byte> 
- C 
X 
X 
X 
X 
1 


INC 
A 
A=A+1 
Accumulator only 
1 


INC 
<byte> 
<byte> 
= <byte> 
+ 1 
X 
X 
X 
1 


INC 
DPTR 
DPTR = DPTR + 1 
Data Pointer only 
2 


DEC 
A 
A=A-1 
Accumulator only 
1 


DEC 
<byte> 
<byte> 
= <byte> 
- 
1 
X 
X 
X 
1 


MUL 
AB 
B:A = BxA 
ACC and B only 
4 


DIV 
AB 
A = Int [AlB] 
ACC and B only 
4 
B = Mod [AI B) 


DA 
A 
Decimal Adjust 
Accumulator only 
1 


The DIY AB instruction divides the Accumulator by 
the data in the B register and leaves the 8-bit quotient 
in the Accumulator, and the 8-bit remainder in the B 
register. 


completes the shift in 4 J-Ls and leaves the B register 
holding the bits that were shifted out. 


Oddly enough, DIY AB finds less use in arithmetic 
"divide" routines than in radix conversions and pro- 
grammable shift operations. An example of the use of 
DIY AB in a radix conversion will be given later. In 
shift operations, dividing a number by 2n shifts its n 
bits to the right. Using DIY AB to perform the division 


The DA A instruction is for BCD arithmetic opera- 
tions. In BCD arithmetic, ADD and ADDC instruc- 
tions should always be followed by a DA A operation, 
to ensure that the result is also in BCD. Note that DA 
A will not convert a binary number to BCD. The DA 
A operation produces a meaningful result only as the 
second step in the addition of two BCD bytes. 


Mnemonic 
Operation 
Addressing 
Modes 
Execution 


Dlr 
Ind 
Reg 
Imm 
Time (J-Ls) 


ANL 
A,<byte> 
A = A .AND. <byte> 
X 
X 
X 
X 
1 


ANL 
<byte> ,A 
<byte> 
= <byte> 
.AND.A 
X 
1 


ANL 
<byte>, # data 
<byte> 
= <byte> 
.AND. #data 
X 
2 
ORL 
A, <byte> 
A = A .OR. <byte> 
X 
X 
X 
X 
1 


ORL 
<byte> ,A 
<byte> 
= <byte> 
.OR.A 
X 
1 


ORL 
<byte>, # data 
<byte> 
= <byte> 
.OR. #data 
X 
2 
XRL 
A, <byte> 
A = A .XOR. <byte> 
X 
X 
X 
X 
1 
XRL 
<byte> ,A 
<byte> 
= <byte>.XOR.A 
X 
1 
XRL 
<byte> ,#data 
<byte> 
= <byte> 
.XOR. #data 
X 
2 
CRL 
A 
A = OOH 
Accumulator only 
1 
CPL 
A 
A = .NOT.A 
Accumulator only 
1 
RL 
A 
Rotate ACC Left 1 bit 
Accumulator only 
1 
RLC 
A 
Rotate Left through Carry 
Accumulator only 
1 
RR 
A 
Rotate ACC Right 1 bit 
Accumulator only 
1 
RRC 
A 
Rotate Right through Carry 
Accumulator only 
1 
SWAP A 
Swap Nibbles in A 
Accumulator only 
1 


intJ 


Table 
3 shows 
the list of MCS-5l 
logical 
instructions. 
The 
instructions 
that 
perform 
Boolean 
operations 
(AND, 
OR, Exclusive 
OR, NOT) 
on bytes perform 
the 
operation 
on a bit-by-bit 
basis. That 
is, if the Accumu- 
lator 
contains 
00110101B 
and 
<byte> 
contains 
010100118, 
then 


The 
addressing 
modes 
that 
can be used 
to access 
the 
<byte> 
operand 
are listed in Table 
3. Thus, 
the ANL 
A, <byte> 
instruction 
may take any of the forms 


ANL 
ANL 
ANL 
ANL 


(direct 
addressing) 
(indirect 
addressing) 
(register 
addressing) 
(immediate 
constant) 


A,7FH 
A,@Rl 
A,R6 
A,#53H 


All of the 
logical 
instructions 
that 
are 
Accumulator- 
specific 
execute 
in 1J.Ls(using 
a 12 MHz 
clock). 
The 
others 
take 2 J.Ls. 


Note that Boolean 
operations 
can be performed 
on any 
byte in the lower 
128 internal 
Data 
Memory 
space or 
the SFR space using direct 
addressing, 
without 
having 
to use the Accumulator. 
The XRL 
<byte>, 
#data 
in- 
struction, 
for example, 
offers a quick 
and easy way to 
invert 
port bits, as in 


If the operation 
is in response 
to an interrupt, 
not using 
the Accumulator 
saves the time and effort to stack it in 
the service 
routine. 


The 
SWAP 
A instruction 
interchanges 
the 
high 
and 
low nibbles 
within 
the 
Accumulator. 
This 
is a useful 
operation 
in BCD 
manipulations. 
For 
example, 
if the 
Accumulator 
contains 
a binary 
number 
which is known 
to be less than 
100, it can be quickly 
converted 
to BCD 
by the following 
code: 


MOY 
DIY 
SWAP 
ADD 


B,#1O 
AB 
A 
A,B 


Dividing 
the number 
by 10 leaves the tens digit in the 
low nibble of the Accumulator, 
ap.d the ones digit in the 
B register. 
The SWAP 
and ADD 
instructions 
move the 
tens digit 
to the high nibble 
of the Accumulator, 
and 
the ones digit to the low nibble. 


Table 
4 shows 
the menu 
of instructions 
that 
are avail- 
able for moving 
data around 
within 
the internal 
memo- 


ry spaces, 
and the addressing 
modes 
that 
can be used 
with 
each one. With 
a 12 MHz 
clock, 
all of these 
in- 
structions 
execute 
in either 
1 or 2 J.Ls. 


The MOY 
<dest> 
, <src> 
instruction 
allows 
data 
to 
be transferred 
between 
any two internal 
RAM 
or SFR 
locations 
without 
going through 
the Accumulator. 
Re- 
member 
the Upper 
128 byes of data 
RAM 
can be ac- 
cessed only by indirect 
addressing, 
and SFR space only 


. by direct 
addressing. 


Note 
that 
in all MCS-51 
devices, 
the stack 
resides 
in 
on-chip 
RAM, 
and grows upwards. 
The PUSH 
instruc- 
tion first increments 
the Stack Pointer 
(SP), then copies 
the byte into the stack. 
PUSH 
and POP use only direct 
addressing 
to identify 
the byte being saved or restored, 


The Rotate 
instructions 
(RL A, RLC 
A, etc.) shift the 
Accumulator 
1 bit to the left or right. 
For a left rota- 
tion, the MSB rolls into the LSB position. 
For a right 
rotation, 
the LSB rolls into the MS,B position. 


Table 4. A List of the MCS®·51 
Data Transfer 
Instructions 
that Access 
Internal 
Data Memory 
Space 


Mnemonic 
Operation 
Addressing 
Modes 
Execution 


Dir 
Ind 
Reg 
Imm 
Time (J.Ls) 


MOV 
A,<src> 
A= 
<src> 
X 
X 
X 
X 
1 


MOV 
< dest > ,A 
<dest> 
= A 
X 
X 
X 
1 


MOV 
<dest>, 
<src> 
<dest> 
= 
<src> 
X 
X 
X 
X 
2 


MOV 
DPTR,#data16 
DPTR = 16-bit immediate 
constant. 
X 
2 


PUSH 
<src> 
INC SP: MOV "@SP",<src> 
X 
2 


POP 
< dest > 
MOV <dest>, 
"@SP" 
: DEC SP 
X 
2 


XCH 
A, <byte> 
ACC and <byte> 
exchange 
data 
X 
X 
X 
1 


XCHD 
A,@Ri 
ACC and @Ri exchange 
low nibbles 
X 
1 


inter 


but the stack itself is accessed by indirect addressing 
using the SP register. This means the stack can go into 
the Upper 128, if they are implemented, but not into 
SFR space. 


In devices that do not implement the Upper 128, if the 
SP points to the Upper 128,PUSHed bytes are lost, and 
POPped bytes are indeterminate. 


The Data Transfer instructions include a 16-bit MOY 
that can be used to initialize the Data Pointer (DPTR) 
for look-up tables in Program Memory, or for 16-bit 
external Data Memory accesses. 


The XCH A, <byte> 
instruction causes the Accumu- 
lator and addressed byte to exchange data. The XCHD 
A,@Ri instruction is similar, but only the low nibbles 
are involved in the exchange. 


To see how XCH and XCHD can be used to facilitate 
data manipulations, consider first the problem of shift- 
ing an 8-digit BCD number two digits to the right. Fig- 
ure II shows how this can be done using direct MOYs, 
and for comparison how it can be done using XCH 
instructions. 
To aid in understanding 
how the code 
works, the contents of the registers that are holding the 
BCD number and the content of the Accumulator are 
shown alongside each instruction 
to indicate 
their 
status after the instruction has been executed. 


2A 
28 
2C 
20 
2E 
ACC 
MOV 
A,2EH 
00 
12 
34 
56 
78 
78 
MOV 
2EH,2DH 
00 
12 
34 
56 
56 
78 
MOV 
2OH,2CH 
00 
12 
34 
34 
56 
78 
MOV 
2CH,28H 
00 
12 
12 
34 
56 
78 
MOV 
28H,#0 
00 
00 
12 
34 
56 
78 
(al Usingdirect MOVs:14 bytes, 9 ,",S 


2A 
28 
2C 
20 
2E 
ACC 
CLR 
A 
00 
12 
34 
56 
78 
00 
XCH 
A,28H 
00 
00 
34 
56 
78 
12 
XCH 
A,2CH 
00 
00 
12 
56 
78 
34 
XCH 
A,2OH 
00 
00 
12 
34 
78 
56 
XCH 
A,2EH 
00 
00 
12 
34 
56 
78 
(bl UsingXCHs:9 bytes, 5 '"'S 


Figure 11. Shifting a BCD Number 
Two Digits to the Right 


After the routine has been executed, the Accumulator 
contains the two digits that were shifted out on the 
right. Doing the routine with direct MOYs uses 14code 
bytes and 9 J.Ls of execution time (assuming a 12 MHz 
clock). The same operation with XCHs uses less code 
and executes almost twice as fast. 


To right-shift by an odd number of digits, a one-digit 
shift must be executed. Figure 12 shows a sample of 
code that will right-shift a BCD number one digit, us- 
ing the XCHD instruction. Again, the contents of the 
registers holding the num~r 
and of the Accumulator 
are shown alongside each instruction. 


MOV Rl,#2EH 
MOV RO,#2OH 


loopfor Rl = 2EH: 
LOOP: MOV A,@Rl 
00 12 34 56 78 
78 
XCHO A,@RO 
00 12 34 58 78 
76 
SWAP A 
00 12 34 58 78 
67 
MOV @R1,A 
00 12 34 58 67 
67 
OEC 
R1 
00 12 34 58 67 
67 
OEC 
RO 
00 12 34 58 67 
67 
CJNE R1,#2AH,LOOP 
loopfor R1 = 2DH: 
I00 1121381451671 45 
loopfor R1 = 2CH: 
00 18 23 45 67 
23 
loopfor R1 = 28H: 
08 01 23 45 67 
01 
CLR 
A 
1081011231451671 00 
XCH 
A,2AH 
00 01 23 45 67 
08 


Figure 12. Shifting a BCD Number 
One Digit to the Right 


First, pointers RI and ROare set up to point to the two 
bytes containing the last four BCD digits. Then a loop 
is executed which leaves the last byte, location 2EH, 
holding the last two digits of the shifted number. The 
pointers are decremented, and the loop is repeated for 
location 2DH. The CJNE instruction 
(Compare and 
Jump if Not Equal) is a loop control that will be de- 
scribed later. 


The loop is executed from LOOP to CJNE for RI = 
2EH, 2DH, 2CH and 2BH. At that point the digit that 
was originally shifted out on the right has propagated 
to location 2AH. Since that location should be left with 
Os,the lost digit is moved to the Accumulator. 


Table 5 shows a list of the Data Transfer instructions 
that access external Data Memory. Only indirect ad- 
dressing can be used. The choice is whether to use a 
one-byte address, @Ri, where Ri can be either RO or 
Rl of the selected register bank, or a two-byte address, 
@DPTR. The disadvantage to using l6-bit addresses if 
only a few K bytes of external RAM are involved is 
that l6-bit addresses use all 8 bits of Port 2 as address 
bus. On the other hand, 8-bit addresses allow one to 
address a few K bytes of RAM, as shown in Figure 5, 
without having to sacrifice all of Port 2. 


All of these instructions 
execute in 2 flos, with a 
12 MHz clock. 


Table 5. A List of the MCS@·51Data 
Transfer Instructions 
that Access 
External Data Memory Space 


Address 
Mnemonic 
Operation 
Execution 
Width 
Time 
(,...s) 


8 bits 
MOVXA,@Ri 
Read external 
2 
RAM@Ri 


8 bits 
MOVX@Ri,A 
Write external 
2 
RAM@Ri 


16 bits 
MOVX A,@DPTR 
Read external 
2 
RAM@DPTR 


16 bits 
MOVX @DPTR,A 
Write external 
2 
RAM@DPTR 


Note that in all external Data RAM accesses, the Ac- 
cumulator is always either the destination or source of 
the data. 


The read and write strobes to external RAM are acti- 
vated only during the execution of a MOVX instruc- 
tion. Normally these signals are inactive, and in fact if 
they're not going to be used at all, their pins are avail- 
able as extra I/O lines. More about that later. 


Table 6 shows the two instructions that are available 
for reading lookup tables in Program Memory. Since 
these instructions access only Program Memory, the 
lookup tables can only be read, not updated. The mne- 
monic is MOVC for "move constant". 


If the table access is to external Program Memory, then 
the read strobe is PSEN. 


Table 6. The MCS@-51Lookup 
Table Read Instructions 


Mnemonic 
Operation 
Execution 
Time 
(,...s) 


MOVC 
A,@A+DPTR 
Read Pgm Memory 
2 
at(A+DPTR) 


MOVC 
A,@A+PC:: 
Read Pgm Memory 
2 
at (A+PC) 


The first MOVC instruction in Table 6 can accommo- 
date a table of up to 256 entries, numbered 0 through 
255. The number of the desired entry is loaded into the 
Accumulator, and the Data Pointer is set up to point to 
beginning of the table. Then 


The other MOVC instruction works the same way, ex- 
cept the Program Counter (PC) is used as the table 
base, and the table is accessed through a subroutine. 
First the number of the desired entry is loaded into the 
Accumulator, and the subroutine is called: 


MOV 
CALL 
A,ENTRY _NUMBER 
TABLE 


TABLE: 
MOVC 
A,@A+PC 
RET 


The table itself immediately follows the RET (return) 
instruction in Program Memory. This type of table can 
have up to 255 entries, numbered 1 through 255. Num- 
ber 0 can not be used, because at the time the MOVC 
instruction is executed, the PC contains the address of 
the RET instruction. An entry numbered 0 would be 
the RET opcode itself. 


MCS-5l devices contain a complete Boolean (single-bit) 
processor. The internal RAM contains 128 addressable 
bits, and the SFR space can support up to 128 other 
addressable bits. All of the port lines are bit-address- 
able, and each one can be treated as a separate single- 
bit port. The instructions that access these bits are not 
just conditional 
branches, but a complete menu of 
move, set, clear, complement, OR, and AND instruc- 
tions. These kinds of bit operations are not easily ob- 
tained in other architectures with any amount of byte- 
oriented software. 


TaDle 7. A LiSt Of tne MC5""-ol 
Boolean 
Instructions 


Mnemonic 
Operation 
Execution 
Time (/Ls) 


ANL 
C,bit 
C = C .AND. bit 
2 


ANL 
C,Ibit 
C = C .AND.. NOT. bit 
2 


ORL 
C,bit 
C = C .OR. bit 
2 


ORL 
C,Ibit 
C = C .OR.. NOT. bit 
2 


MOV 
C,bit 
C = bit 
1 


MOV 
bit,C 
bit = C 
2 


CLR 
C 
C=O 
1 


CLR 
bit 
bit = 0 
1 


SETS 
C 
C = 1 
1 


SETS 
bit 
bit = 1 
1 


CPL 
C 
C = .NOT.C 
1 


CPL 
bit 
bit = .NOT. bit 
1 


JC 
rei 
Jump ifC = 1 
2 


JNC 
rei 
Jump ifC = 0 
2 


JS 
bit,rel 
Jump ifbit = 1 
2 


JNS 
bit,rel 
Jump ifbit = 0 
2 


JSC 
bit,rel 
Jump ifbit = 1; CLR bit 
2 


The instruction set for the Boolean processor is shown 
in Table 7. All bit accesses are by direct addressing. Bit 
addresses OOHthrough 7FH are in the Lower 128, alld 
bit addresses 80H through FFH are in SFR space. 


Note how easily an internal flag can be moved to a port 
pin: 


MOV 
MOV 
C,FLAG 
PI.O,C 


In this example, FLAG is the name of any addressable 
bit in the Lower 128 or SFR space. An I/O line (the 
LSB of Port I, in this case) is set or cleared depending 
on whether the flag bit is I or O. 


The Carry bit in the PSW is used as the single-bit Accu- 
mulator of the Boolean processor. Bit instructions that 
refer to the Carry bit as C assemble as Carry-specific 
instructions (CLR C, etc). The Carry bit also has a 
direct address, since it resides in the PSW register, 
which is bit-addressable. 


l"lOIe {nat 
{fie 
DOOlean lllSlTUCllun seL lIlCiuues 
i"\.l"tL 
and ORL operations, but not the XRL (Exclusive OR) 
operation. An XRL operation is simple to implement in 
software. Suppose, for example, it is required to form 
the Exclusive OR of two bits: 


MOV 
C,bitl 
JNB 
bit2,OVER 
CPL 
C 
OVER: 
(continue) 


First, bitl is moved to the Carry. If bit2 = 0, then C 
now contains the correct result. That is, bit I .XRL. bit2 
= bitl if bit2 = O. On the other hand, if bit2 = 
I C 
now contains the complement of the correct result. It 
need only be inverted (CPL C) to complete the opera- 
tion. 


This code uses the JNB instruction, one of a series of 
bit-test instructions which execute a jump if the ad- 
dressed bit is set (JC, JB, JBC) or if the addressed bit is 
not set (JNC, JNB). In the above case, bit2 is being 
tested, and ifbit2 = °the CPL C instruction isjumped 
over. 


JBC executes the jump if the addressed bit is set, and 
also clears the bit. Thus a flag can be tested and cleared 
in one operation. 


All the PSW bits are directly addressable, so the Parity 
bit, or the general purpose flags, for example, are also 
available to the bit-test instructions. 


The destination address for these jumps is specified to 
the assembler by a label or by an actual address in 
Program Memory. However, the destination address 
assembles to a relative offset byte. This is a signed 
(two's complement) offset byte which is added to the 
PC in two's complement arithmetic if the jump is exe- 
cuted. 


The range of the jump is therefore -128 
to + 127 Pro- 


gram Memory bytes relative to the first byte following 
. the instruction. 


inter 


Jump Instructions 


Table 8 shows the list of unconditional jumps. 


Table 8. Unconditional 
Jumps 
in MCS@-51Devices 


Operation 
Execution 
Mnemonic 
Time (!L8) 
JMP 
addr 
Jump to addr 
2 
JMP 
@A+DPTR Jump to A+ DPTR 
2 
CALL addr 
Callsubroutineat addr 
2 
RET 
Returnfromsubroutine 
2 
RETI 
Returnfrominterrupt 
2 
NOP 
Nooperation 
1 


The Table lists a single "JMP addr" instruction, but in 
fact there are three-SJMP, 
UMP and AJMP-which 
differ in the format of the destination address. JMP is a 
generic mnemonic which can be used if the program- 
mer does not care which way the jump is encoded. 


The SJMP instruction encodes the destination address 
as a relative offset, as described above. The instruction 
is 2 bytes long, consisting of the opcode and the relative 
offset byte. The jump distance is limited to a range of 
- 128 to + 127 bytes relative to the instruction follow- 
ing the SJMP. 


The UMP 
instruction encodes the destination address 
as a 16-bit constant. The instruction is 3 bytes long, 
consisting of the opcode and two address bytes. The 
destination address can be anywhere in the 64K Pro- 
gram Memory space. 


The AJMP instruction encodes the destination address 
as an II-bit constant. The instruction is 2 bytes long, 
consisting of the opcode, which itself contains 3 of the 
11 address bits, followed by another byte containing the 
low 8 bits of the destination address. When the instruc- 
tion is executed, these 11bits are simply substituted for 
the low 11bits in the Pc. The high 5 bits stay the same. 
Hence the destination has to be within the same 2K 
block as the instruction following the AJMP. 


In all cases the programmer specifies the destination 
address to the assembler in the same way: as a label or 
as a 16-bit constant. The assembler will put the destina- 
tion address into the correct format for the given in- 
struction. If the format required by the instruction will 
not support the distance to the specified destination ad- 
dress, a "Destination out of range" message is written 
into the List file. 


The 
JMP 
@A+DPTR 
instruction 
supports 
case 
jumps. The destination address is computed at execu- 
tion time as the sum of the 16-bit DPTR register and 


the Accumulator. Typically, DPTR is set up with the 
address of a jump table, and the Accumulator is given 
an index to the table. In a 5-way branch, for example, 
an integer 0 through 4 is loaded into the Accumulator. 
The code to be executed might be as follows: 


MOV 
MOV 
RL 
JMP 


DPTR,#JUMP_TABLE 
A,INDEX_NUMBER 
A 
@A+DPTR 


The RL A instruction converts the index number (0 
through 4) to an even number on the range 0 through 8, 
because each entry in the jump table is 2 bytes long: 


JUMP_TABLE: 


AJMP 
AJMP 
AJMP 
AJMP 
AJMP 


CASE_O 
CASE_I 
CASE_2 
CASE_3 
CASE_4 


Table 8 shows a single "CALL addr" instruction, but 
there are two of them-LCALL 
and ACALL-which 
differ in the format in which the subroutine address is 
given to the CPU. CALL is a generic mnemonic which 
can be used if the programmer does not care whIch way 
the address is encoded. 


The LCALL instruction uses the 16-bit address format, 
and the subroutine can be anywhere in the 64K Pro- 
gram Memory space. The ACALL instruction uses the 
II-bit format, and the subroutine must be in the same 
2K block as the instruction following the ACALL. 


In any case the programmer specifies the subroutine 
address to the assembler in the same way: as a label or 
as a 16-bit constant. The assembler will put the address 
into the correct format for the given instructions. 


Subroutines should end with a RET instruction, which 
returns 
execution 
to the instruction 
following the 
CALL. 


RETI is used to return from an interrupt service rou- 
tine. The only difference between RET and RETI is 
that RETI tells the interrupt control system that the 
interrupt in progress is done. If there is no interrupt in 
progress at the time RETI is executed, then the RETI 
is functionally identical to RET. 


Table 9 shows the list of conditional jumps available to 
the MCS-51 user. All of these jumps specify the desti- 
nation address by the relative offset method, and so are 
limited to ajump distance of -128 to + 127 bytes from 
the instruction following the conditional jump instruc- 
tion. Important to note, however, the user specifies to 
the assembler the actual destination address the same 
way as the other jumps: as a label or a 16-bit constant. 


Mnemonic 
Operation 
Addressing 
Modes 
Execution 


Dlr 
Ind 
Reg 
Imm 
Time (J.ts) 


JZ 
rei 
Jump if A = 0 
Accumulator 
only 
2 


JNZ 
rei 
Jump if A"* 
0 
Accumulator 
only 
2 


DJNZ 
<byte> 
,rei 
Decrement 
and jump if not zero 
X 
X 
2 


CJNE 
A, <byte> 
,rei 
Jump if A"* 
<byte> 
X 
X 
2 


CJNE 
< byte> ,# data,rel 
Jump if <byte> 
"* #data 
X 
X 
2 


There is no Zero bit in the PSW. The JZ and JNZ 
instructions test the Accumulator data for that condi- 
tion. 


<B> 


*'ICS -51 
HMOS 
OR CHMOS 


XTAl2 
The DJNZ instruction (Decrement and Jump if Not 
Zero) is for loop control. To execute a loop N times, 
load a counter byte with N and terminate the loop with 
a DJNZ to the beginning of the loop, as shown below 
for N = 10: 


QUAR6~ ~~~~r:;~ 
'c= 


RESONATOR 


MOV 
COUNTER, # 10 
LOOP: 
(begin loop) 
• 


(end loop) 
DJNZ 
COUNTER,LOOP 
(continue) 


<B> 


MCS -51 
HMOS 
OR CHMOS 


xrAL2 


The CINE 
instruction 
(Compare and Jump if Not 
Equal) can also be used for loop control as in Figure 12. 
Two bytes are specified in the operand field of the in- 
struction. The jump is executed only if the two bytes 
are not equal. In the example of Figure 12, the two 
bytes were the data in RI and the constant 2AH. The 
initial data in RI was 2EH. Every time the loop was 
executed, R I was decremented, and the looping was to 
continue until the RI data reached 2AH. 


EXTERNAL 
CLOCK 
SIGNAL 


Another application of this instruction is in "greater 
than, less than" comparisons. The two bytes in the op- 
erand field are taken as unsigned integers. If the first is 
less than the second, then the Carry bit is set (I). If the 
first is greater than or equal to the second, then the 
Carry bit is cleared. 


EXTERNAL 
CLOCK 
SIGNAL 


<B> 


MCS -51 
HMOS 
ONLY 


<B> 


MC5 -51 
CHMOS 
ONLY 
All MCS-51 microcontrollers have an on-chip oscillator 
which can be used if desired as the clock source for the 
CPU. To use the on-chip oscillator, connect a crystal or 
ceramic resonator between the XTALI 
and XTAL2 
pins of the microcontroller, and capacitors to ground as 
shown in Figure 13. 


EXTERNAL 
CLOCK 
XTAl1 
SIGNAL 


C. CHMOS Only 


Figure 14. Using an External 
Clock 


inter 


Examples of how to drive the clock with an external 
oscillator are shown in' Figure 14. Note that in the 
HMOS devices (8051, etc.) the signal at the XTAL2 pin 
actually drives the internal clock generator. 
In the 
CHMOS devices (8OC51BH, etc.) the signal at the 
XTALl pin drives the internal clock generator. If only 
one pin is going to be driven with the external oscillator 
signal, make sure it is the right pin. 


A machine cycle consists of a sequence of 6 states, 
numbered SI through S6. Each state time lasts for two 
oscillator periods. Thus a machine cycle takes 12 oscil- 
lator periods or I 
J.l-S if the oscillator frequency is 
12 MHz. 


The internal clock generator defines the sequence of 
states that make up the MCS-51 machine cycle. 


Each state is divided into a Phase I half and a Phase 2 
half. Figure IS shows the fetch/execute 
sequences in 


I 


SI I 
S2 I 
53 I 
54 I 
55 I 
56 I 
SI I 
S2 I 
53 I 
54 I 
55 I 
56 I 
SI I 
~n~n~n~n~n~n~n~n~n~n~n~n~n 


I 
(A) I-byte. l-cyclelnlt,ucllon, 
e.g.,INC A. 


I 
I 
I 
I 
I 


I 
I 


I 
I 


READ 2ND BYTEt 
[_R:~ 
NEXT OPCODE. 


READ OPCODE. 


READ NEXT 
OPCODE (DISCARD). 


I 
(C) l·byte, 2-cyclelnltuctlon, 
e.g.,INC DPTR. 
I 


READOPCODE 
(MOVX). 
READ NEXT 
OPCODE (DISCARD) 


IADDR 
DATA 


ACCESS EXTERNAL MEMORY 


inter 


states and phases for various kinds of instructions. Nor- 
mally two program fetches are generated during each 
machine cycle, even if the instruction being executed 
doesn't require it. If the instruction 
being executed 
doesn't need more code bytes, the CPU simply ignores 
the extra fetch, and the Program Counter is not incre- 
mented. 


Execution of a one-cycle instruction (Figure l5A and 
B) begins during State 1 of the machine cycle, when the 
opcode is latched into the Instruction Register. A sec- 
ond fetch occurs during S4 of the same machine cycle. 
Execution is complete at the end of State 6 of this ma- 
chine cycle. 


The MOVX instructions take two machine cycles to 
execute. No program fetch is generated during the sec- 
ond cycle of a MOVX instruction. This is the only time 
program 
fetches are skipped. The fetch/execute 
se- 
quence for MOVX instructions 
is shown in Figure 
l5(D). 


The fetch/execute sequences are the same whether the 
Program Memory is internal or external to the chip. 
Execution times do not depend on whether the Pro- 
gram Memory is internal or external. 


Figure 16shows the signals and timing involved in pro- 
gram fetches when the Program Memory is external. If 
Program Memory is external, then the Program Memo- 
ry read strobe PSEN is normally activated twice per 
machine cycle, as shown in Figure l6(A). 


If an access to external Data Memory occurs, as shown 
in Figure l6(B), two PSENs are skipped, because the 
address and data bus are being used for the Data Mem- 
oryaccess. 


Note that a Data Memory bus cycle takes twice as 
much time as a Program Memory bus cycle. Figure 16 
shows the relative timing of the addresses being emitted 
at Ports 0 and 2, and of ALE and PSEN. ALE is used 
to latch the low address byte from PO into the address 
latch. 


lONE 
MACHINE CYCLE-----r---0NE 
MACHINE CYCLEI 
I~I~I~I~I~I~I~I~I~I~I~I~I 


PSEN 
RD --------------- 
..•..•.-----~-------- 
(A) 
WITHOUT 
A 
MOVX. 


, 


t.PCLOUT 
VALID 


I 
I 


t.PCLOUT 
VALID 


PSEN 


RD ---~--------~ 


lpCLOUT 
VALID 
lADDROUT 
VALID 


t.PCLOUT 
VALID 


I 
I 
t.PCL 
OUT 
VALID 


(8) 
WITH A 
MOVX. 


When the CPU is executing from internal Program 
Memory, PSEN is not activated, and program address- 
es are not emitted. However, ALE continues to be acti- 
vated twice per machine cycle and so is available as a 
clock output signal. Note, however, that one ALE is 
skipped during the execution of the MOVX instruction. 


The 8051 core provides 5 interrupt sources: 2 external 
interrupts, 2 timer interrupts, and the serial port inter- 
rupt. What follows is an overview of the interrupt 
structure for the 8051. Other MCS-51 devices have ad- 
ditional interrupt sources and vectors as shown in Ta- 
ble 1. Refer to the appropriate chapters on other devic- 
es for further information on their interrupts. 


Each of the interrupt sources can be individually en- 
abled or disabled by setting or clearing a bit in the SFR 


(MSB) 
(LSB) 
1EA I -1-1 
ES I ETl 1 EXl 1 ETO1 EXO1 


Enablebit = 1 enablesthe interrupt. 
Enablebit ~ 0 disablesit. 


Symbol 
Position 
Function 


EA 
IE.? 
disablesall interrupts.If EA ~ O.no 
interruptwill be acknowledged.If EA 
= 
1, 
each 
interrupt source 
is 
individually enabled or disabled by 
selling or clearingits enablebit. 


IE6 
reserved' 
IE5 
reserved' 
ES 
IE.4 
Serial Port Interruptenable bit. 


ETl 
IE3 
Timer 1 OverflowInterruptenablebit. 


EX1 
IE.2 
ExternalInterrupt1 enablebit. 


ETO 
IE.1 
Timer0 OverflowInterruptenablebit. 


EXO 
IEO 
ExternalInterrupt0 enablebit. 


'These reservedbits are used in other MCS-51devices. 


Figure 17.IE 
(Interrupt 
Enable) 
Register 
in the 8051 


named IE (Interrupt 
Enable). This register also con- 
tains a global disable bit, which can be cleared to dis- 
able all interrupts at once. Figure 17 shows the IE reg- 
ister for the 8051. 


Each interrupt 
source can also be individually pro- 
grammed to one of two priority levels by setting or 
clearing a bit in the SFR named IP (Interrupt Priority). 
Figure 18 shows the IP register in the 8051. 


A low-priority interrrupt can be interrupted by a high- 
priority interrupt, but not by another low-priority inter- 
rupt. A high-priority interrupt can't be interrupted by 
any other interrupt source. 


If two interrupt requests of different priority levels are 
received simultaneously, the request of higher priority 
level is serviced. If interrupt requests of the same priori- 
ty level are received simultaneously, an internal polling 
sequence determines which request is serviced. Thus 
within each priority level there is a second priority 
structure determined by the polling sequence. 


Figure 19 shows, for the 8051;how the IE and IP regis- 
ters and the polling sequence work to determine which 
if any interrupt will be serviced. 


(MSB) 
(LSB) 
1- 
I - 
1- 
1 PS 1 PT1 1 PX1 1 PTOIpxo 1 


Prioritybit = 1 assignshigh priority. 
Prioritybit ~ 0 assignslow priority. 


Symbol 
Position 
Function 


IP.? 
reserved' 
IP.6 
reserved' 
IP.5 
reserved' 
PS 
IP.4 
SerialPort interruptprioritybit. 


PTl 
IP.3 
Timer 1 interruptprioritybit. 


PXl 
IP.2 
ExternalInterrupt1 prioritybit. 


PTO 
IP.l 
Timer0 interruptprioritybit. 


PXO 
IP.O 
ExternalInterrupt0 prioritybit. 


'These reservedbits are used in other MCS-51devices. 


Figure 18.IP (Interrupt 
Priority) 
Register 
in the 8051 


inter 


INTERRUPT 
POLLING 
SEQUENCE 


LOW PRIORITY 
INTERRUPT 
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In operation, all the interrupt flags are latched into the 
interrupt control system during State 5 of every ma- 
chine cycle. The samples are polled during the follow- 
ing machine cycle. If the flag for an enabled interrupt is 
found to be set (I), the interrupt system generates an 
LCALL to the appropriate location in Program Memo- 
ry, unless some other condition blocks the interrupt. 
Several conditions can block an interrupt, among them 
that an interrupt 
of equal or higher priority level is 
already in progress. 


The hardware-generated LCALL causes the contents of 
the Program Counter to be pushed onto the stack, and 
reloads the PC with the beginning address of the service 
routine. As previously noted (Figure 3), the service rou- 
tine for each interrupt begins at a fixed location. 


Only the Program 
Counter is automatically 
pushed 
onto the stack, not the PSW or any other register. Hav- 
ing only the PC be automatically saved allows the pro- 
grammer to decide how much time to spend saving 
which other registers. This enhances the interrupt re- 
sponse time, albeit at the expense of increasing the pro- 
grammer's burden of responsibility. As a result, many 
interrupt functions that are typical in control applica- 
tions-toggling 
a port pin, for example, or reloading a 
timer, or unloading a serial buffer--can 
often be com- 


pleted in less time than it takes other architectures to 
commence them. 


SIMULATING 
A THIRD 
PRIORITY 
LEVEL 
IN 
SOFTWARE 


Some applications require more than the two priority 
levels that 
are 
provided 
by on-chip 
hardware 
in 
MCS-51 devices. In these cases, relatively simple soft- 
ware can be written to produce the same effect as a 
third priority level. 


First, interrupts that are to have higher priority than I 
are assigned to priority I in the IP (Interrupt Priority) 
register. The service routines for priority I interrupts 
that are supposed to be interruptible by "priority 2" 
interrupts are written to include the following code: 


PUSH 
MOY 
CALL 


IE 
IE,#MASK 
LABEL 


POP 
IE 
RET 
LABEL: 
RETI 


inter 


As soon as any priority I interrupt is acknowledged, 
the IE (Interrupt Enable) register is re-defined so as to 
disable all but "priority 2" interrupts. Then, a CALL to 
LABEL executes the RETI instruction, which clears 
the priority 
I interrupt-in-progress 
flip-flop. At this 
point any priority I interrupt that is enabled can be 
serviced, but only "priority 2" interrupts are enabled. 


POPping IE restores the original enable byte. Then a 
normal RET (rather than another RETI) is used to 
terminate the service routine. The additional software 
adds 10 fLs (at 12 MHz) to priority I interrupts. 


The 
following application 
notes are found 
in the 


Embedded 
Control Applications handbook. 
(Order 
Number: 270648) 
1. AP-69 "An Introduction to the Intel MCS@-51 Sin- 
gle-Chip Microcomputer Family" 
2. AP-70 "Using the Intel MCS@-51 Boolean Process- 


ing Capabilities" 


MCS®...51 Programmer's 
Guide 
6 
and Instruction 
Set 


inter 


.MCS®·51 PROGRAMMER'S 
GUIDE 
AND INSTRUCTION 
SET 


The information presented in this chapter is collected from the MCS@-51Architectural Overview and the Hardware 
Description of the 8051, 8052 and 80C51 chapters of this book. The material has been selected and rearranged to 
form a quick and convenient reference for the programmers of the MCS-51. This guide pertains specifically to the 
8051, 8052 and 80C5!. 


The following list should make it easier to find a subject in this chapter. 


Memory 
Organization 


Program 
Memory. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
6-2 


Data Memory 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
6-3 


Direct and Indirect 
Address 
Area 
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
6-5 


Special 
Function 
Registers 
6-7 


Contents 
of SFRs after Power-On. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
6-8 


SFR Memory 
Map. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
6-9 


Program 
Status Word (PSW). 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
6-10 


Power Control 
Register 
(PCON). 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
6-10 


Interrupts 
: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
6-11 


Interrupt 
Enable Register 
(IE) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
6-11 


Assigning 
Priority 
Level 
6-12 


Interrupt 
Priority 
Register. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
6-12 


Timer/Counter 
Control 
Register 
(TCON) 
6-13 


Timer/Counter 
Mode Control 
Register 
(TMOD) 
6-13 


Timer Set-Up 
6-14 


Timer/Counter 
0 
6-14 


Timer/Counter 
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
6-15 


Timer/Counter 
2 Control 
Register 
(T2CON) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
6-16 


Timer/Counter 
2 Set-Up 
6·17 


Serial Port Control 
Register. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .. 
6-18 


Serial Port Set-Up. 
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
6-18 


Generating 
Baud Rates 
6·18 


MCS-51 
Instruction 
Set. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. 
6·20 


Instruction 
Definitions 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
6-27 
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The 8051 has separate address spaces for Program Memory and Data Memory. The Program Memory can be up to 
64K bytes long. The lower 4K (8K for the 8052) may reside on-chip. 


10K 
BYTES 
EXTERNAL 


64K 
BYTES 
EXTERNAL 


OFFOOOOFI __ 
4K BYTES 
INTERNAL 


51K 
BYTES 


EXTERNAL 
MK 
BYTES 


EXTERNAL 


1 


0000 


FFFI 
__ 
8KBYTES 


INTERNAL 


The 8051 can address up to 64K bytes of Data Memory external to the chip. The "MOYX" instruction is used to 
access the external data memory. (Refer to the MCS-51 Instruction Set, in this chapter, for detailed description of 
instructions). 


The 8051 has 128bytes of on-chip RAM (256 bytes in the 8052) plus a number of Special Function Registers (SFRs). 
The lower 128bytes of RAM can be accessed either by direct addressing (MOY data addr) or by indirect addressing 
(MOY @Ri). Figure 3 shows the 8051 and the 8052 Data Memory organization. 


INTERNAL 


FF 
64K 
SFRa 
BYTES 
DIRECT 
EXTERNAL 
ADORESSING 


ONLY 


80 
---AND 
• 
7F 


DIRECT. 
INDIRECT 


ADDRESSING 


00סס oo 
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Figure 3a. The 8051 Data Memory 


FFFF 
.. 


INTERNAL 
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DIRECT 
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7F 
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INDIRECT 
ADDRESSING 
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Figure 3b. The 8052 Data Memory 


inter 


Note that in Figure 3b the SFRs and the indirect address RAM have the same addresses (80H-OFFH). 
Neverthe- 
less, they are two separate areas and are accessed in two different ways. 


MOY 
RO,#80H 


MOY 
@RO,#OBBH 


writes OBBH in location 80H of the data RAM. Thus, after execution of both of the above instructions Port 0 will 
contain OAAH and location 80 of the RAM will contain OBBH. 


Note that the stack operations are examples of indirect addressing, so the upper 128 bytes of data RAM are available 
as stack space in those devices which implement 256 bytes of internal RAM. 


The 128 bytes of RAM which can be accessed by both direct and indirect addressing can be divided into 3 segments 
as listed below and shown in Figure 4. 


1. Register Banks 0-3: Locations 0 through IFH (32 bytes). ASM-51 and the device after reset default to register 
bank O. To use the other register banks the user must select them in the software (refer to the MCS-51 Micro 
Assembler User's Guide). Each register bank contains 8 one-byte registers, ~ through 7. 


Reset initializes the Stack Pointer to location 07H and it is incremented once to start from location 08H which is the 
first register (RO) of the second register bank. Thus, in order to use more than one register bank, the SP should be 
intialized to a different location of the RAM where it is not used for data storage (ie, higher part of the RAM). 


2. Bit Addressable Area: 16 bytes have been assigned for this segment, 20H-2FH. Each one of the 128 bits of this 
segment can be directly addressed (0-7FH). 


The bits can be referred to in two ways both of which are acceptable by the ASM-51. One way is to refer to their 
addresses, ie. 0 to 7FH. The other way is with reference to bytes 20H to 2FH. Thus, bits 0- 7 can also be referred to 
as bits 20.0-20.7, and bits 8-FH are the same as 21.0-21.7 and so on. 


3. Scratch Pad Area: Bytes 30H through 7FH are available to the user as data RAM. However, if the stack pointer 
has been initialized to this area, enough number of bytes should be left aside to prevent SP data destruction. 


inter 


I~ 


7F 


- 


77 


SF 


- 


87 
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4F 


47 


, 
3F 
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Comparing Table I and Figure 5 shows that all of the SFRs that are byte and bit addressable are located on the first 
column of the diagram in Figure 5. 


Symbol 
Name 
Address 


'ACC 
Accumulator 
OEOH 
'B 
B Register 
OFOH 
'PSW 
Program Status Word 
ODOH 
SP 
Stack Pointer 
8ni 
DPTR 
Data Pointer 2 Bytes 
DPL 
Low Byte 
82H 
DPH 
High Byte 
83H 
'PO 
Port 0 
80H 
'P1 
Port 1 
90H 


'P2 
Port 2 
OAOH 


'P3 
Port 3 
OBOH 


'IP 
Interrupt 
Priority Control 
OB8H 


'IE 
Interrupt 
Enable Control 
OA8H 
TMOD 
Timer/Counter 
Mode Control 
89H 


'TCON 
Timer/Counter 
Control 
88H 
'+ T2CON 
Timer/Counter 
2 Control 
OC8H 
THO 
Timer/Counter 
0 High Byte 
8CH 
TLO 
Timer/Counter 
0 Low Byte 
8AH 


TH1 
Timer/Counter 
1 High Byte 
8DH 
TL1 
Timer/Counter 
1 Low Byte 
8BH 


+TH2 
Timer/Counter 
2 High Byte 
OCDH 


+TL2 
Timer/Counter 
2 Low Byte 
OCCH 


+ RCAP2H 
T/C 2 Capture Reg. High Byte 
OCBH 


+ RCAP2L 
T/C 2 Capture Reg. Low Byte 
OCAH 


'SCON 
Serial Control 
98H 
SBUF 
Serial Data Buffer 
99H 
PCON 
Power Control 
87H 


, = Bit addressable 
+ = 8052 only 


Register 


°ACC 
°B 
°PSW 
SP 
DPTR 
DPH 
DPL 


Value In Binary 


00000000 
00000000 
00000000 
00000111 


00000000 
00000000 
11111111 
11111111 
11111111 
11111111 
8051 XXXOOOOO, 
8052 XXOOOOOO 
8051 OXXOOOOO, 
8052 OXOOOOOO 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
Indeterminate 
HMOS OXXXXXXX 
CHMOS OXXXOOOO 


TMOD 
°TCON 


0+ T2CON 
THO 
TLO 
TH1 
TL1 


+TH2 
+TL2 
+ RCAP2H 
+ RCAP2L 
°SCON 
SBUF 
PCON 


x 
= Undefined 


° 
= Bit Addressable 


+ 
= 8052 only 
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B 


ACC 


PSW 


T2CON 
RCAP2L 
RCAP2H 
TL2 
TH2 


IP 


< 


P3 


IE 


P2 
SCON 
SBUF 


P1 
TCON 
TMOD 
TLO 
TL1 
THO 
TH1 
PO 
SP 
DPL 
DPH 
PCON 
i 
Bit 
Addressable 
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Those SFRs that have their bits assigned for various functions are listed in this section. A brief description of each bit 
is provided for quick reference. For more detailed information refer to the Architecture Chapter of this book. 


PSW: PROGRAM 
STATUS 
WORD. 
BIT ADDRESSABLE. 


CY 
AC 
FO 
RS1 
RSO 
OV 
~I~ 


CY 
AC 
FO 
RSI 
RSO 


OV 


PSW.7 
PSW.6 
PSW.5 
PSW.4 


PSW.3 
PSW.2 
PSW.I 
psw.o 


Carry Flag. 
Auxiliary Carry Flag. 
Flag 0 available to the user for general purpose. 
Register Bank selector bit I (SEE NOTE I). 
Register Bank selector bit 0 (SEE NOTE I). 
Overflow Flag. 


User definable flag. 
Parity flag. Set/cleared by hardware each instruction cycle to indicate an odd/even number of 
'I' bits in the accumulator. 


NOTE: 
1. The value presented by RSOand RS1 selects the corresponding register bank. 


RS1 
RSO 
Register 
Bank 
Address 


0 
0 
0 
OOH-07H 
0 
1 
1 
08H-OFH 
1 
0 
2 
10H-17H 
1 
1 
3 
18H-1FH 


_S_M_O_D 
~~_G_F1_~_G_F_O~~_PD 
__ 
I_DL_ 


GFI 
GFO 
PD 


Double baud rate bit. If Timer I is used to generate baud rate and SMOD = I, the baud rate is doubled 
when the Serial Port is used in modes I, 2, or 3. 
Not implemented, reserved for future use.' 
Not implemented, reserved for future use.' 
Not implemented, reserved for future use.' 
General purpose flag bit. 
General purpose flag bit. 


Power Down bit. Setting this bit activates Power Down operation in the 80C51BH. (Available only in 
CHMOS). 
Idle Mode bit. Setting this bit activates Idle Mode operation in the 80C51BH. (Available only in CHMOS). 


If Is are written to PD and IDL at the same time, PD takes precedence. 
'User software should not write 1s to reserved bits. These bits may be used in future MCS-51products to invoke new 
features. Inthat case, the reset or inactivevalue of the new bitwillbe 0, and its active value willbe 1. 


inter 


In order to use any of the interrupts in the MCS-5I, the following three steps must be taken. 
I. Set the EA (enable all) bit in the IE register to 1. 
2. Set the corresponding individual interrupt enable bit in the IE register to I. 
3. Begin the interrupt service routine at the corresponding Vector Address of that interrupt. See Table below. 


Interrupt 
Vector 
Source 
Address 


IEO 
0003H 
TFO 
OOOBH 
IE1 
0013H 
TF1 
001BH 
RI&TI 
0023H 
TF2 & EXF2 
002BH 


In addition, for external interrupts, pins INTO and INTI (P3.2 and P3.3) must be set to I, and depending on whether 
the interrupt is to be level or transition activated, bits ITO or ITI in the TCON register may need to be set to 1. 


If the bit is 0, the corresponding interrupt is disabled. If the bit is 1, the corresponding interrupt is enabled. 


EA CI 
ET2 
ES 
ET1 
EX1 
ETO 
EXO 


Disables all interrupts. If EA = 0, no interrupt will be acknowledged. If EA = I, each interrupt 
source is individually enabled or disabled by setting or clearing its enable bit. 
Not implemented, reserved for future use.· 
Enable or disable the Timer 2 overflow or capture interrupt (8052 only). 
Enable or disable the serial port interrupt. 
Enable or disable the Timer I overflow interrupt. 
Enable or disable External Interrupt 1. 
Enable or disable the Timer 0 overflow interrupt. 
Enable or disable External Interrupt O. 


·User software should not write Is to reserved bits. These bits may be used in future MCS-51 products to invoke 
new features. In that case, the reset or inactive value of the new bit will be 0, and its active value will be I. 


EA 
IE.7 


IE.6 
ET2 
IE.5 
ES 
lEA 
ETl 
IE.3 
EXI 
IE.2 
ETO 
IE.! 


EXO 
IE.O 
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lEO 
TFO 
lEI 
TFI 
RI or TI 
TF2 or EXF2 


If the bit is 0, the corresponding interrupt has a lower priority and if the bit is I the corresponding interrupt has a 
higher priority. 


~___ 
PT2 
PS 
PT1 
PX1 
PTO 
PXO 


IP. 7 Not implemented, reserved for future use.' 
IP. 6 Not implemented, reserved for future use.' 
PT2 
IP.5 
Defines the Timer 2 interrupt priority level (8052 only). 


PS 
IP. 4 Defines the Serial Port interrupt priority level. 


PTI 
IP.3 
Defines the Timer I interrupt priority level. 


PXI 
IP. 2 Defines External Interrupt I priority level. 


PTO 
IP. I Defines the Timer 0 interrupt priority level. 


PXO 
IP. 0 Defines the External Interrupt 0 priority level. 


'User software should not write Is to reserved bits. These bits may be used in future MCS-51 products to invoke 
new features. In that case, the reset or inactive value of the new bit will be 0, and its active value will be 1. 


TFI 
TCON.7 
Timer I overflowflag. Set by hardware when the Timer/Counter I overflows. Cleared by hard· 
ware as processor vectors to the interrupt service routine. 
TRI 
TCON.6 
Timer I run control bit. Set/cleared by software to turn Timer/Counter ION/OFF. 


TFO 
TCON.5 
Timer 0 overflow flag. Set by hardware when the Timer/Counter 0 overflows.Cleared by hard- 
ware as processor vectors to the service routine. 
TRO 
TCON.4 
Timer 0 run control bit. Set/cleared by software to turn Timer/Counter 0 ON/OFF. 


lEI 
TCON.3 
External Interrupt I edge flag. Set by hardware when External Interrupt edge is detected. 
Cleared by hardware when interrupt is processed. 


IT! 
TCON.2 
Interrupt I type control bit. Set/cleared by software to specify falling edge/low level triggered 
External Interrupt. 


lED 
TCON. I External Interrupt 0 edge flag. Set by hardware when External Interrupt edge detected. Cleared 
by hardware when interrupt is processed. 


ITO 
TCON.O Interrupt 0 type control bit. Set/cleared by software to specify falling edge/low level triggered 
External Interrupt. 


TMOD: TIMER/COUNTER 
MODE CONTROL 
REGISTER. 
NOT BIT 
ADDRESSABLE. 


MO 
I 
GATE 
clf 
M1 
MO I 
) 
C 
-_-_-_-:.::.-=~~~~~::) 


TIMER I 
TIMER 0 
GATE 
When TRx (in TCON) is set and GATE = I, TIMER/COUNTERx will run only while INTx pin is high 
(hardware control). When GATE = 0, TIMER/COUNTERx 
will run only while TRx = I (software 
control). 


cif 
Timer or Counter selector. Cleared for Timer operation (input from internal system clock). Set for Coun- 
ter operation (input from Tx input pin). 
MI 
Mode selector bit. (NOTE I) 
MO 
Mode selector bit. (NOTE I) 


NOTE 
1: 


Operating 
Mode 
o 
13-bit Timer (MCS-48 compatible) 
1 
16-bit Timer/Counter 
2 
8·bit Auto-Reload Timer/Counter 
3 
(Timer 0) TLOis an 8-bit Timer/Counter controlled by the standard Timer 0 
control bits, THOis an 8-bit Timer and is controlled by Timer 1 control bits. 


3 
(Timer 1) Timer/Counter 1 stopped. 


It is assumed that only one timer is being used at a time. If it is desired to run Timers 0 and I simultaneously, in any 
mode, the value in TMOD for Timer 0 must be ORed with the value shown for Timer I (Tables 5 and 6). 


For example, if it is desired to run Timer 0 in mode I GATE (external control), and Timer 1 in mode 2 COUNTER, 
then the value that must be loaded into TMOD is 69H (09H from Table 3 ORed with 60H from Table 6). 


Moreover, it is assumed that the user, at this point, is not ready to turn the timers on and will do that at a different 
point in the program by setting bit TRx (in TCON) to I. 


TMOD 


MODE 
TIMER 0 
INTERNAL 
EXTERNAL 
FUNCTION 
CONTROL 
CONTROL 
(NOTE 1) 
. (NOTE 2) 


0 
13-bit Timer 
OOH 
08H 
1 
16-bit Timer 
01H 
09H 
2 
8-bit Auto-Reload 
02H 
OAH 
3 
two 8-bit Timers 
03H 
OSH 


TMOD 


MODE 
COUNTER 
0 
INTERNAL 
EXTERNAL 
FUNCTION 
CONTROL 
CONTROL 
(NOTE 1) 
(NOTE 2) 


0 
13-bit Timer 
04H 
OCH 
1 
16-bit Timer 
05H 
ODH 
2 
8-bit Auto-Reload 
06H 
OEH 
3 
one 8-bit Counter 
07H 
OFH 


NOTES: 
1. The Timeris turned ON/OFF by selting/clearing bitTROin the software. 
2. The Timer is turned ON/OFF by the 1 to 0 transition on INTO(P3.2) when TRO = 
(hardwarecontrol). 


TMOD 


MODE 
TIMER 
1 
INTERNAL 
EXTERNAL 
FUNCTION 
CONTROL 
CONTROL 
(NOTE 1) 
(NOTE 2) 


0 
13-bit Timer 
OOH 
BOH 
1 
16-bit Timer 
.10H 
90H 
2 
B-bit Auto-Reload 
20H 
AOH 
3 
does not run 
30H 
SOH 


TMOD 


MODE 
COUNTER 
1 
INTERNAL 
EXTERNAL 
FUNCTION 
CONTROL 
CONTROL 
(NOTE 1) 
(NOTE 2) 


0 
13-bit Timer 
40H 
COH 
1 
16-bit Timer 
SOH 
DOH 
2 
B-bit Auto-Reload 
60H 
EOH 
3 
not available 
- 
- 


NOTES: 
1. The Timer 
is turned 
ON/OFF 
by setting/clearing 
bit TR1 in the software. 
2. The 
Timer 
is turned 
ON/OFF 
by the 
1 to 0 transition 
on INT1 
(P3.3) 
when 
TR1 
= 
1 


(hardware 
control). 
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8052 Only 
~I 
EXF2 I RCLK 
I 
TCLK I EXEN2 
~ 
C/T2 I CP/RL2 I 


TR2 
C/T2 


T2CON.7 
Timer 2 overflow flag set by hardware and cleared by software. TF2 cannot be set when 
either RCLK = I or CLK = I 
T2CON. 6 Timer 2 external flag set when either a capture or reload is caused by a negative transition on 
T2EX, and EXEN2 = I. When Timer 2 interrupt is enabled, EXF2 = I will cause the CPU 
to vector to the Timer 2 interrupt routine. EXF2 must be cleared by software. 


T2CON.5 
Receive clock flag. When set, causes the Serial Port to use Timer 2 overflow pulses for its 
receive clock in modes I & 3. RCLK = 0 causes Timer I overflow to be used for the receive 
clock. 


T2CON.4 
Transmit clock flag. When set, causes the Serial Port to use Timer 2 overflow pulses for its 
transmit clock in modes I & 3. TCLK 
= 0 causes Timer I overflows to be used for the 
transmit clock. 
T2CON.3 
Timer 2 external enable flag. When set, allows a capture or reload to occur as a result of 
negative transition 
on T2EX if Timer 2 is not being used to clock the Serial Port. 


EXEN2 = 0 causes Timer 2 to ignore events at T2EX. 


T2CON.2 
Software START/STOP 
control for Timer 2. A logic I starts the Timer. 


T2CON. I Timer or Counter select. 
o = Internal Timer. I = External Event Counter (falling edge triggered). 


T2CON. 0 CapturelReload 
flag. When set, captures will occur on negative transitions at T2EX if 
EXEN2 
= 1. When cleared, Auto-Reloads will occur either with Timer 2 overflows or 
negative transitions at T2EX when EXEN2 = 1. When either RCLK = I or TCLK = I, 
this bit is ignored and the Timer is forced to Auto-Reload on Timer 2 overflow. 


intJ 


Except 
for the baud 
rate generator 
mode, 
the values 
given for T2CON 
do not include 
the setting 
of the TR2 
bit. 


Therefore, 
bit TR2 
must be set, separately, 
to turn 
the Timer 
on. 


T2CON 


MODE 
INTERNAL 
EXTERNAL 
CONTROL 
CONTROL 
(NOTE 1) 
(NOTE 2) 


16-bit Auto-Reload 
OOH 
OSH 


16-bit Capture 
01H 
09H 


BAUD rate generator 
receive & 
transmit 
same baud rate 
34H 
36H 


receive only 
24H 
26H 


transmit 
only 
14H 
16H 


TMOD 


MODE 
INTERNAL 
EXTERNAL 
CONTROL 
CONTROL 
(NOTE 1) 
(NOTE 2) 


16-bit Auto-Reload 
02H 
OAH 
16-bit Capture 
03H 
OBH 


NOTES: 
1. Capture/Reload 
occurs only on Timer/Counter 
overflow. 
2. Capture/Reload 
occurs 
on Timer/Counter 
overflow and a 1 to 0 transition 
on T2EX 
(P1.1) pin except when Timer 2 is used in the baud rate generating 
mode. 
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SCON: SERIAL 
PORT CONTROL 
REGISTER. 
BIT ADDRESSABLE. 


SMO 
SM1 
SM2 
REN 
TB8 
RB8 
~ 


SMO 
SCON.7 
Serial Port mode specifier. (NOTE I). 
SMI 
SCON.6 
Serial Port mode specifier. (NOTE I). 


SM2 
SCON.5 
Enables the multiprocessor communication feature in modes 2 & 3. In mode 2 or 3, ifSM2 is set 
to I then RI will not be activated if the received 9th data bit (RB8) is O.In mode I, if SM2 = I 
then RI will not be activated if a valid stop bit was not received. In mode 0, SM2 should be O. 
(See Table 9). 
REN 
SCON.4 
Set/Cleared by software to EnablelDisable reception. 
TB8 
SCON.3 
The 9th bit that will be transmitted in modes 2 & 3. Set/Cleared by software. 


RB8 
SCON.2 
In modes 2 & 3, is the 9th data bit that was received. In mode 1, ifSM2 = 0, RB8 is the stop bit 
that was received. In mode 0, RB8 is not used. 
TI 
SCON. I Transmit interrupt flag. Set by hardware at the end of the 8th bit time in mode 0, or at the 


beginning of the stop bit in the other modes. Must be cleared by software. 


RI 
SCON.O Receive interrupt flag. Set by hardware at the end of the 8th bit time in mode 0, or halfway 


through the stop bit time in the other modes (except see SM2). Must be cleared by software. 


SMO 
o 
o 
1 


SM1 
Mode 
Description 
Baud Rate 


0 
0 
SHIFT REGISTER 
Fosc.l12 
1 
1 
8-Bit UART 
Variable 
0 
2 
9-Bit UART 
Fosc.l64 
OR 
Fosc.l32 
3 
9-Bit UART 
Variable 


MODE 
SCON 
SM2 VARIATION 


0 
10H 
Single Processor 
1 
50H 
2 
90H 
Environment 


3 
DOH 
(SM2 = 0) 


0 
NA 
Multiprocessor 
1 
70H 
2 
BOH 
Environment 


3 
FOH 
(SM2 = 1) 


Mode 0 has a fixed baud rate which is 1/12 of the oscillator frequency. To run the serial port in this mode none of 
the Timer/Counters 
need to be set up. Only the SCON register needs to be defined. 


Osc Freq 
Baud Rate = --1-2- 


Mode 1 has a variable baud rate. The baud rate can be generated by either Timer I or Timer 2 (8052 only). 
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K x Oscillator 
Freq. 
Baud Rate = 32 x 12 x [256 
- 
(TH1)] 


If SMOD = 0, then K = 1. 
If SMOD = I, then K = 2. (SMOD is the PCON register). 


Most of the time the user knows the baud rate and needs to know the reload value for TH I. 
Therefore, the equation to calculate THI can be written as: 


TH1 = 256 __ K_x_O_s_c_F_re_q_. 


384 x baud rate 


THI must be an integer value. Rounding off THI to the nearest integer may not produce the desired baud rate. In 
this case, the user may have to choose another crystal frequency. 


Since the PCON register is not bit addressable, one way to set the bit is logical ORing the PCON register. (ie, ORL 
PCON, # 80H). The address of PCON is 87H. 


For this purpose, Timer 2 must be used in the baud rate generating mode. Refer to Timer 2 Setup Table in this 
chapter. If Timer 2 is being clocked through pin T2 (PI.O) the baud rate is: 


Timer 2 Overflow 
Rate 
Baud Rate = 
16 


Osc Freq 
Baud Rate = 32 x [65536 
- 
(RCAP2H, 
RCAP2L)] 


RCAP2H, 
RCAP2L 
= 65536 
_ 
Osc Freq 
32 x Baud Rate 


The baud rate is fixed in this mode and is 1/32 or '/64 of the oscillator frequency depending on the value of the SMOD 
bit in the PCON register. 
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Oscillator 
Byte 
Period 
Interrupt 
Response 
Time: 
Refer 
to Hardware 
De- 
scription 
Chapter. 


Instructions 
that Affect Flag Settlngs(1) 


Instruction 
Flag 
Instruction 
Flag 
C 
OV 
AC 
C 
OV 
AC 
ADD 
X 
X 
X 
CLR C 
0 
ADDC 
X 
X 
X 
CPL C 
X 
SUSS 
X 
X 
X 
ANLC,bit 
X 
MUL 
0 
X 
ANLC,/bit 
X 
DIV 
0 
X 
ORL C,bit 
X 
DA 
X 
ORL C,bit 
X 
RRC 
X 
MOVC,bit 
X 
RLC 
X 
CJNE 
X 
SETSC 
1 


(1)Note that operations 
on SFR byte address 
208 or 
bit addresses 
209-215 
(i.e., the PSW 
or bits in the 
PSW) will also affect flag settings. 


Note on instruction set and addressing modes: 
Rn 
- 
Register 
R 7 - RO of the 
currently 
se- 
lected 
Register 
Bank. 
direct 
- 
8-bit 
internal 
data 
location's 
address. 
This could 
be an Internal 
Data 
RAM 
location 
(0-127) 
or a SFR 
[i.e., I/O 
port, 
control 
register, 
status 
register, 
etc. (128-255)). 


@Ri 
- 
8-bit internal 
data 
RAM 
location 
(0- 
255) addressed 
indirectly 
through 
reg- 
ister RI 
or RO. 
# data 
- 
8-bit constant 
included 
in instruction. 
#data 
16 - 
16-bit constant 
included 
in instruction. 
addr 
16 
- 
16-bit 
destination 
address. 
Used 
by 
LCALL 
& UMP. 
A branch 
can 
be 
anywhere 
within 
the 
64K-byte 
Pro- 
gram 
Memory 
address 
space. 
addr 
II 
- 
II-bit 
destination 
address. 
Used 
by 
ACALL 
& AJMP. 
The branch 
will be 
within 
the same 2K-byte 
page of pro- 
gram 
memory 
as the first byte of the 
following 
instruction. 
rei 
- 
Signed (two's 
complement) 
8-bit offset 
byte. Used by SIMP 
and all condition- 
al jumps. 
Range 
is 
-128 
to + 127 
bytes 
relative 
to first 
byte 
of the fol- 
lowing 
instruction. 
bit 
- 
Direct 
Addressed 
bit in Internal 
Data 
RAM 
or Special Function 
Register. 


ARITHMETICOPERATIONS 
ADD 
A,Rn 
Add register to 
Accumulator 
ADD 
A,direct 
Add direct byte to 
Accumulator 
Add indirect RAM 
to Accumulator 
ADD 
A,#data 
Add immediate 
data to 
Accumulator 
Add register to 
Accumulator 
with Carry 
ADDC 
A,direct 
Add direct byte to 
Accumulator 
with Carry 
Add indirect 
RAM to 
Accumulator 
with Carry 
ADDC 
A,#data 
Add immediate 
data toAcc 
with Carry 
Subtract Register 
from Acc with 
borrow 
SUSS 
A,direct 
Subtract direct 
byte from Ace 
with borrow 
Subtract indirect 
RAMfrom ACC 
with borrow 
SUSS 
A,#data 
Subtract 
immediate data 
from Ace with 
borrow 
Increment 
Accumulator 
Increment register 
Increment direct 
byte 
Increment direct 
RAM 
Decrement 
Accumulator 
Decrement 
Register 
Decrement direct 
byte 
Decrement 
indirect RAM 


All mnemonics 
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1980 


Rn 
direct 
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Mnemonic 
Description 
Byte 
Oscillator 
Mnemonic 
Description 
Byte 
Oscillator 


Period 
Period 


ARITHMETIC 
OPERATIONS 
(Continued) 
LOGICAL 
OPERATIONS 
(Continued) 


INC 
DPTR 
Increment 
Data 
24 
RL 
A 
Rotate 
12 


Pointer 
Accumulator 
Left 


MUL 
AB 
Multiply 
A & B 
48 
RLC 
A 
Rotate 
12 


DIV 
AB 
DivideAby 
B 
48 
Accumulator 
Left 


DA 
A 
Decimal 
Adjust 
12 
through 
the Carry 


Accumulator 
RR 
A 
Rotate 
12 


LOGICAL 
OPERATIONS 
Accumulator 


ANL 
A,Rn 
AND Register 
to 
12 
Right 


Accumulator 
RRC 
A 
Rotate 
12 


ANL 
A,direct 
AND direct byte 
2 
12 
Accumulator 


to Accumulator 
Right through 


ANL 
A,@Ri 
AND indirect 
12 
the Carry 


RAM to 
SWAP 
A 
Swap nibbles 
12 


Accumulator 
within the 
ANL 
A,#data 
AND immediate 
2 
12 
Accumulator 
data to 
DATA TRANSFER 
Accumulator 
MOV 
A,Rn 
Move 
12 
ANL 
direct,A 
AND Accumulator 
2 
12 
register 
to 
to direct byte 
Accumulator 
ANL 
direct, # data 
AND immediate 
3 
24 
MOV 
A,direct 
Move direct 
2 
12 
data to direct byte 
byte to 
ORL 
A,Rn 
OR register to 
12 
Accumulator 


Accumulator 
MOV 
A,@Ri 
Move indirect 
12 


ORL 
A,direct 
OR direct byte to 
2 
12 
RAM to 
Accumulator 
Accumulator 
ORL 
A,@Ri 
OR indirect 
RAM 
12 
MOV 
A,#data 
Move 
2 
12 
to Accumulator 
immediate 
ORL 
A,#data 
OR immediate 
2 
12 
data to 
data to 
Accumulator 
Accumulator 
MOV 
Rn,A 
Move 
12 
ORL 
direct,A 
OR Accumulator 
2 
12 
Accumulator 
to direct byte 
to register 
ORL 
direct, # data 
OR immediate 
3 
24 
MOV 
Rn,direct 
Move direct 
2 
24 
data to direct byte 
byte to 
XRL 
A,Rn 
Exclusive-OR 
12 
register 
register 
to 
MOV 
Rn,#data 
Move 
2 
12 
Accumulator 
immediate 
data 
XRL 
A,direct 
Exclusive-OR 
2 
12 
to register 
direct byte to 
MOV 
direct,A 
Move 
2 
12 
Accumulator 
Accumulator 
XRL 
A,@Ri 
Exclusive-OR 
12 
to direct byte 
indirect 
RAM to 
MOV 
direct,Rn 
Move register 
2 
24 
Accumulator 
to direct byte 
XRL 
A,#data 
Exclusive-OR 
2 
12 
MOV 
direct, direct 
Move direct 
3 
24 
immediate 
data to 
byte to direct 
Accumulator 
MOV 
direct,@Ri 
Move indirect 
2 
24 
XRL 
direct,A 
Exclusive-OR 
2 
12 
RAM to 
Accumulator 
to 
direct byte 
direct byte 
MOV 
direct, # data 
Move 
3 
24 
XRL 
direct, # data 
Exclusive-OR 
3 
24 
immediate 
data 
immediate 
data 
to direct byte 
to direct byte 
MOV 
@Ri,A 
Move 
12 
CLR 
A 
Clear 
12 
Accumulator 
to 
Accumulator 
indirect 
RAM 
CPL 
A 
Complement 
12 
All mnemonics 
copyrighted 
@Intel 
Corporation 
1980 
Accumulator 
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Mnemonic 
Description 
Byte 
Oscillator 
Mnemonic 
Description 
Byte 
Oscillator 


Period 
Period 


DATA TRANSFER 
(Continued) 
BOOLEAN 
VARIABLE 
MANIPULATION 


MOV 
@Ri,direct 
Move direct 
2 
24 
CLR 
C 
Clear Carry 
1 
12 


byte to 
CLR 
bit 
Clear direct bit 
2 
12 


indirect 
RAM 
SETB 
C 
Set Carry 
1 
12 


MOV 
@Ri,#data 
Move 
2 
12 
SETB 
bit 
Set direct bit 
2 
12 


immediate 
CPL 
C 
Complement 
1 
12 


data to 
Carry 


indirect 
RAM 
CPL 
bit 
Complement 
2 
12 


MOV 
DPTR,#data16 
Load Data 
3 
24 
direct bit 


Pointer with a 
ANL 
C,bit 
AND direct bit 
2 
24 


16-bit constant 
to CARRY 
MOVC 
A,@A+DPTR 
Move Code 
24 
ANL 
C,/bit 
AND complement 
2 
24 


byte relative 
to 
of direct bit 


DPTR toAcc 
to Carry 


MOVC 
A,@A+PC 
Move Code 
24 
ORL 
C,bit 
OR direct bit 
2 
24 


byte relative 
to 
to Carry 


PC to Acc 
ORL 
C,/bit 
OR complement 
2 
24 


MOVX 
A,@Ri 
Move 
24 
of direct bit 


External 
to Carry 


RAM (8-bit 
MOV 
C,bit 
Move direct bit 
2 
12 


addr) toAcc 
to Carry 


MOVX 
A,@DPTR 
Move 
24 
MOV 
bit,C 
Move Carry to 
2 
24 


External 
direct bit 


RAM (16-bit 
JC 
rei 
Jump if Carry 
2 
24 


addr) toAcc 
is set 
MOVX 
@Ri,A 
Move Acc to 
24 
JNC 
rei 
Jump if Carry 
2 
24 
External 
RAM 
not set 
(8-bit addr) 
JB 
bit,rel 
Jump if direct 
3 
24 


MOVX 
@DPTR,A 
Move Accto 
24 
Bit is set 
External 
RAM 
JNB 
bit,rel 
Jump if direct 
3 
24 
(16-bit addr) 
Bit is Not set 


PUSH 
direct 
Push direct 
2 
24 
JBC 
bit,rel 
Jump if direct 
3 
24 
byte onto 
Bitisset& 


stack 
clear bit 
POP 
direct 
Pop direct 
2 
24 
PROGRAM 
BRANCHING 
byte from 
ACALL 
addr11 
Absolute 
2 
24 


stack 
Subroutine 
XCH 
A,Rn 
Exchange 
12 
Call 
register with 
LCALL 
addr16 
Long 
3 
24 
Accumulator 
Subroutine 
XCH 
A,direct 
Exchange 
2 
12 
Call 
direct byte 
RET 
Return from 
24 
with 
Subroutine 
Accumulator 
RETI 
Return from 
24 
XCH 
A,@Ri 
Exchange 
12 
interrupt 
indirect 
RAM 
AJMP 
addr11 
Absolute 
2 
24 
with 
Jump 
Accumulator 
LJMP 
addr16 
Long Jump 
3 
24 
XCHD 
A,@Ri 
Exchange 
low- 
12 
SJMP 
rei 
Short Jump 
2 
24 
order Digit 
(relative 
addr) 
indirect 
RAM 
All mnemonics 
copyrighted 
@Intel 
Corporation 
1980 
withAcc 


inter 


PROGRAM 
BRANCHING 
(Continued) 
JMP 
@A+DPTR 
Jump indirect 
relative to the 
DPTR 
JZ 
rei 
Jump if 
Accumulator 
is Zero 
JNZ 
rei 
Jump if 
Accumulator 
is Not Zero 
CJNE 
A,direct,rel 
Compare 
direct byte to 
Acc and Jump 
if Not Equal 
CJNE 
A,#data,rel 
Compare 
immediate to 
Acc and Jump 


, 
if Not Equal 


Oscillator 
Byte 
Period 
Oscillator 
Byte 
Period 


PROGRAM 
BRANCHING 
(Continued) 
24 
CJNE 
Rn,# data,rel 
Compare 
3 
24 
immediate to 
register and 
2 
24 
Jump if Not 
Equal 
CJNE 
@Ri,#data,rel 
Compare 
3 
24 
2 
24 
immediate to 
indirect and 
Jump if Not 
3 
24 
Equal 
DJNZ 
Rn,rel 
Decrement 
2 
24 
register and 
Jump if Not 
3 
24 
Zero 
DJNZ 
direct,rel 
Decrement 
3 
24 
direct byte 
and Jump if 
Not Zero 
NOP 
No Operation 
1 
12 
All mnemonics copyrighted @Intel Corporation 1980 


Hex 
Number 
Mnemonic 
Operands 
Code 
of Bytes 


00 
1 
NGP 


01 
2 
AJMP 
code addr 


02 
3 
LJMP 
code addr 


03 
1 
RR 
A 


04 
1 
INC 
A 


05 
2 
INC 
data addr 


06 
1 
INC 
@RO 


07 
1 
INC 
@R1 


08 
1 
INC 
RO 


09 
1 
INC 
R1 


OA 
1 
INC 
R2 


06 
1 
INC 
R3 


OC 
1 
INC 
R4 


OD 
1 
INC 
R5 


OE 
1 
INC 
R6 


OF 
1 
INC 
R7 


10 
3 
J6C 
bit addr, code addr 


11 
2 
ACALL 
code addr 


12 
3 
LCALL 
codeaddr 


13 
1 
RRC 
A 


14 
1 
DEC 
A 


15 
2 
DEC 
data addr 


16 
1 
DEC 
@RO 


17 
1 
DEC 
@R1 


18 
1 
DEC 
RO 
19 
1 
DEC 
R1 


1A 
1 
DEC 
R2 


16 
1 
DEC 
R3 
1C 
1 
DEC 
R4 


10 
1 
DEC 
R5 


1E 
1 
DEC 
R6 


1F 
1 
DEC 
R7 


20 
3 
J6 
bit addr, code addr 


21 
2 
AJMP 
code addr 


22 
1 
RET 


23 
1 
RL 
A 


24 
2 
ADD 
A,#data 


25 
2 
ADD 
A,dataaddr 


26 
1 
ADD 
A,@RO 


27 
1 
ADD 
A,@R1 


28 
1 
ADD 
A,RO 


29 
1 
ADD 
A,R1 


2A 
1 
ADD 
A,R2 
26 
1 
ADD 
A,R3 
2C 
1 
ADD 
A,R4 
2D 
1 
ADD 
A,R5 
2E 
1 
ADD 
A,R6 
2F 
1 
ADD 
A,R7 
30 
3 
JN6 
bit addr, code addr 


31 
2 
ACALL 
code addr 
32 
1 
RETI 


Hex 
Number 
Mnemonic 
Operands 
Code 
of Bytes 


33 
1 
RLC 
A 


34 
2 
ADDC 
A,#data 


35 
2 
ADDC 
A,dataaddr 


36 
1 
ADDC 
A,@RO 


37 
1 
ADDC 
A,@R1 


38 
1 
AD DC 
A,RO 


39 
1 
ADDC 
A,R1 


3A 
1 
ADDC 
A,R2 


36 
1 
ADDC 
A,R3 


3C 
1 
ADDC 
A,R4 


3D 
1 
ADDC 
A,R5 


3E 
1 
ADDC 
A,R6 


3F 
1 
ADDC 
A,R7 


40 
2 
JC 
code addr 


41 
2 
AJMP 
code addr 


42 
2 
GRL 
data addr,A 


43 
3 
GRL 
data addr, # data 


44 
2 
GRL 
A, # data 


45 
2 
GRL 
A,dataaddr 


46 
1 
GRL 
A,@RO 


47 
1 
GRL 
A,@R1 


48 
1 
GRL 
A,RO 


49 
1 
GRL 
A,R1 


4A 
1 
GRL 
A,R2 


46 
1 
GRL 
A,R3 


4C 
1 
GRL 
A,R4 


4D 
1 
GRL 
A,R5 


4E 
1 
GRL 
A,R6 


4F 
1 
GRL 
A,R7 


50 
2 
JNC 
code addr 


51 
2 
ACALL 
code addr 


52 
2 
ANL 
data addr,A 


53 
3 
ANL 
data addr, # data 


54 
2 
ANL 
A,#data 


55 
2 
ANL 
A,dataaddr 


56 
1 
ANL 
A,@RO 


57 
1 
ANL 
A,@R1 


58 
1 
ANL 
A,RO 


59 
1 
ANL 
A,R1 


5A 
1 
ANL 
A,R2 


56 
1 
ANL 
A,R3 
5C 
1 
ANL 
A,R4 


5D 
1 
ANL 
A,R5 


5E 
1 
ANL 
A,R6 


5F 
1 
ANL 
A,R7 


60 
2 
JZ 
code addr 
61 
2 
AJMP 
code addr 
62 
2 
XRL 
dataaddr,A 


63 
3 
XRL 
data addr,#data 


64 
2 
XRL 
A, # data 


65 
2 
XRL 
A,data addr 


intJ 


Hex 
Number 
Mnemonic 
Operands 
Code 
of Bytes 


66 
1 
XRL 
A,@RO 


67 
1 
XRL 
A,@R1 


68 
1 
XRL 
A,RO 
69 
1 
XRL 
A,R1 


6A 
1 
XRL 
A,R2 


6B 
1 
XRL 
A,R3 


6C 
1 
XRL 
A,R4 


6D 
1 
XRL 
A,R5 


6E 
1 
XRL 
A,R6 


6F 
1 
XRL 
A,R7 
70 
2 
JNZ 
code addr 


71 
2 
ACALL 
code addr 


72 
2 
ORL 
C,bitaddr 
73 
1 
JMP 
@A+DPTR 


74 
2 
MOV 
A,#data 


75 
3 
MOV 
data addr,#data 


76 
2 
MOV 
@RO,#data 
77 
2 
MOV 
@R1,#data 


78 
2 
MOV 
RO,#data 
79 
2 
MOV 
R1,#data 
7A 
2 
MOV 
R2,#data 
7B 
2 
MOV 
R3,#data 
7C 
2 
MOV 
R4,#data 
7D 
2 
MOV 
R5,#data 
7E 
2 
MOV 
R6,#data 
7F 
2 
MOV 
R7,#data 


80 
2 
SJMP 
code addr 
81 
2 
AJMP 
code addr 
82 
2 
ANL 
C,bitaddr 
83 
1 
MOVC 
A,@A+PC 
84 
1 
DIV 
AB 
85 
3 
MOV 
data addr, data addr 
86 
2 
MOV 
data addr,@RO 
87 
2 
MOV 
data addr,@R1 
88 
2 
MOV 
data addr,RO 
89 
2 
MOV 
data addr,R1 
8A 
2 
MOV 
data addr,R2 
8B 
2 
MOV 
data addr,R3 
8C 
2 
MOV 
data addr,R4 
8D 
2 
MOV 
data addr,R5 
8E 
2 
MOV 
data addr,R6 
8F 
2 
MOV 
data addr,R7 
90 
3 
MOV 
DPTR,#data 
91 
2 
ACALL 
code addr 
92 
2 
MOV 
bitaddr,C 
93 
1 
MOVC 
A,@A+DPTR 
94 
2 
SUBB 
A,#data 
95 
2 
SUBB 
A,data addr 
96 
1 
SUBB 
A,@RO 
97 
1 
SUBB 
A,@R1 


98 
1 
SUBB 
A,RO 


Hex 
Number 
Mnemonic 
Operands 
Code 
of Bytes 


99 
1 
SUBB 
A,R1 


9A 
1 
SUBB 
A,R2 


9B 
1 
SUBB 
A,R3 


9C 
1 
SUBB 
A,R4 


9D 
1 
SUBB 
A,R5 


9E 
1 
SUBB 
A,R6 


9F 
1 
SUBB 
A,R7 


AO 
2 
ORL 
C,/bit 
addr 


A1 
2 
AJMP 
code addr 


A2 
2 
MOV 
C,bit addr 


A3 
1 
INC 
DPTR 
A4 
1 
MUL 
AB 


A5 
reserved 


A6 
2 
MOV 
@RO,dataaddr 


A7 
2 
MOV 
@R1,dataaddr 


A8 
2 
MOV 
RO,data addr 


A9 
2 
MOV 
R 1,data addr 
AA 
2 
MOV 
R2,data 
addr 


AB 
2 
MOV 
R3,data 
addr 


AC 
2 
MOV 
R4,data 
addr 


AD 
2 
MOV 
R5,data 
addr 


AE 
2 
MOV 
R6,data 
addr 


AF 
2 
MOV 
R7,data 
addr 


BO 
2 
ANL 
C,/bit 
addr 


Bl 
2 
ACALL 
codeaddr 
B2 
2 
CPL 
bit addr 
B3 
1 
CPL 
C 
B4 
3 
CJNE 
A, # data,code 
addr 


B5 
3 
CJNE 
A,data addr,code 
addr 


B6 
3 
CJNE 
@RO,#data,code 
addr 


B7 
3 
CJNE 
@R1,#data,code 
addr 
B8 
3 
CJNE 
RO,#data,code 
addr 
B9 
3 
CJNE 
R1 ,# data,code 
addr 
BA 
3 
CJNE 
R2,#data,code 
addr 
BB 
3 
CJNE 
R3,#data,code 
addr 
BC 
3 
CJNE 
R4, #data,code 
addr 


BD 
3 
CJNE 
R5, # data,code 
addr 
BE 
3 
CJNE 
R6, # data,code 
addr 
BF 
3 
CJNE 
R7, # data, code addr 
CO 
2 
PUSH 
dataaddr 
C1 
2 
AJMP 
codeaddr 
C2 
2 
CLR 
bit addr 
C3 
1 
CLR 
C 
C4 
1 
SWAP 
A 
C5 
2 
XCH 
A,dataaddr 
C6 
1 
XCH 
A,@AO 


C7 
1 
XCH 
A,@A1 


C8 
1 
XCH 
A,AO 
C9 
1 
XCH 
A,R1 
CA 
1 
XCH 
A,A2 
, 


CB 
1 
XCH 
A,A3 


inter 


Hex 
Number 
Mnemonic 
Operands 
Code 
of Bytes 


CC 
1 
XCH 
A,R4 


CD 
1 
XCH 
A,R5 
CE 
1 
XCH 
A,R6 
CF 
1 
XCH 
A,R7 
DO 
2 
POP 
data addr 
Dl 
2 
ACALL 
code addr 
D2 
2 
SETB 
bitaddr 
D3 
1 
SETB 
C 
D4 
1 
DA 
A 
D5 
3 
DJNZ 
data addr,code 
addr 
D6 
1 
XCHD 
A,@RO 


D7 
1 
XCHD 
A,@Rl 


D8 
2 
DJNZ 
RO,code addr 
,. 


D9 
2' 
DJNZ 
Rl ,code addr 
DA 
2 
DJNZ 
R2,code 
addr 
DB 
2 
DJNZ 
R3,code 
addr 
DC 
2 
DJNZ 
R4,code 
addr 
DD 
2 
DJNZ 
R5,code 
addr 
DE 
2 
DJNZ 
R6,code 
addr 
DF 
2 
DJNZ 
R7,code 
addr 
EO 
1 
MOVX 
A,@DPTR 
El 
2 
AJMP 
code addr 
E2 
1 
MOVX 
A,@RO 


E3 
1 
MOVX 
A,@Rl 


E4 
1 
CLR 
A 
E5 
2 
MOV 
A,dataaddr 


Hex 
Number 
Mnemonic 
Operands 
Code 
of Bytes 


E6 
1 
MOV 
A,@RO 


E7 
1 
MOV 
A,@Rl 


E8 
1 
MOV 
A,RO 


E9 
1 
MOV 
A,R1 


EA 
1 
MOV 
A,R2 
EB 
1 
MOV 
A,R3 


EC 
1 
MOV 
A,R4 
ED 
1 
MOV 
A,R5 


EE 
1 
MOV 
A,R6 
EF 
1 
MOV 
A,R7 


FO 
1 
MOVX 
@DPTR,A 


Fl 
2 
ACALL 
codeaddr 
F2 
1 
MOVX 
@RO,A 


F3 
1 
MOVX 
@Rl,A 


F4 
1 
CPL 
A 
F5 
2 
MOV 
dataaddr,A 
F6 
1 
MOV 
@RO,A 


F7 
1 
MOV 
@Rl,A 


F8 
1 
MOV 
RO,A 
F9 
1 
MOV 
R1,A 
FA 
1 
MOV 
R2,A 
FB 
1 
MOV 
R3,A 
FC 
1 
MOV 
R4,A 
FD 
1 
MOV 
R5,A 
FE 
1 
MOV 
R6,A 
FF 
1 
MOV 
R7,A 


Function: 


Description: 
ACALL 
unconditionally 
calls a subroutine 
located 
at the indicated 
address. 
The instruction 
increments 
the PC twice to obtain 
the address 
of the following 
instruction, 
then 
pushes 
the 
16-bit result onto the stack (low-order 
byte first) and increments 
the Stack Pointer 
twice. The 
destination 
address 
is obtained 
by successively 
concatenating 
the five high-order 
bits of the 
incremented 
PC, opcode bits 7-5, and the second byte of the instruction. 
The subroutine 
called 
must therefore 
start within 
the same 2K block of the program 
memory 
as the first byte of the 
instruction 
following 
ACALL. 
No flags are affected. 


Initially 
SP equals 07H. The label "SUBRTN" 
is at program 
memory 
location 
0345 H. After 
executing 
the instruction, 


at location 
0123H, 
SP will contain 
09H, 
internal 
RAM 
locations 
08H and 09H 
will contain 
25H and OIH, respectively, 
and the PC will contain 
0345H. 


Bytes: 
2 


Cycles: 
2 


Encoding: 
I a 10 a9 
a8 
1 I 0 0 0 1 I 
I a7 
a6 
as 
a4 
I as 
a2 
a1 
aO I 


ACALL 
(PC) +- (PC) + 2 
(SP) +- (SP) + I 
«SP» 
+- (PC7-0) 
(SP) +- (SP) + I 
«SP» 
+- (PCI5-S) 
(PCw-o) +- page address 


Description: 
ADD adds the byte variable indicated to the Accumulator, leaving the result in the Accumula- 
tor. The carry and auxiliary-carry flags are set, respectively, if there is a carry-out from bit 7 or 
bit 3, and cleared otherwise. When adding unsigned integers, the carry flag indicates an 
overflow occured. 


OV is set if there is a carry-out of bit 6 but not out of bit 7, or a carry-out of bit 7 but not bit 6; 
otherwise OV is cleared. When adding signed integers, OV indicates a negative number pro- 
duced as the sum of two positive operands, or a positive sum from two negative operands. 


Four source operand addressing modes are allowed: register, direct, register-indirect, or imme- 
diate. 


Example: 
The Accumulator holds OC3H (I 1ססoo1lB) and register 0 holds OAAH (1OIOIOIOB).The 
instruction, 


will leave 6DH (011O1101B) in the Accumulator with the AC flag cleared and both the carry 
flag and OV set to 1. 


ADD 
A,Rn 


Bytes: 


Cycles: 


Encoding: 
I 0 0 1011rrri 


Operation: 
ADD 
(A) +- (A) + (Rn) 


ADD 
A,dlrect 


Bytes: 
2 


Cycles: 


Encoding: 
10010 
I 0 1 0 1 
I direct address 
I 


Operation: 
ADD 
(A) +- (A) + (direct) 


ADD 
A,@RI 


Bytes: 


Cycles: 


Encoding: 
I 0 0 1 0 I 0 1 1 i I 


Operation: 
ADD 
(A) - 
(A) + «Rj}) 


ADD 
A,#data 


Bytes: 
2 


Cycles: 


Encoding: 
I 0 0 1 0 I 0 1 0 0 I 
I immediate 
data I 


ADD 
(A) - 
(A) + #data 


Function: 


Description: 


Add 
with Carry 


ADDC 
simultaneously 
adds the byte variable 
indicated, 
the carry 
flag and the Accumulator 
contents, 
leaving 
the result 
in the Accumulator. 
The carry 
and auxiliary-carry 
flags are set, 
respectively, 
if there 
is a carry-out 
from bit 7 or bit 3, and cleared 
otherwise. 
When 
adding 
unsigned 
integers, 
the carry 
flag indicates 
an overflow 
occured. 


OV is set if there is a carry-out 
of bit 6 but not out of bit 7, or a carry-out 
of bit 7 but not out of 
bit 6; otherwise 
OV is cleared. 
When 
adding 
signed integers, 
OV indicates 
a negative 
number 
produced 
as the sum of two positive 
operands 
or a positive 
sum from two negative 
operands. 


Four source operand 
addressing 
modes are allowed: 
register, 
direct, 
register-indirect, 
or imme- 
diate. 


The Accumulator 
holds OC3H (I 1סס oo1 IB) and register 
0 holds OAAH (1OIOIOIOB) with the 
carry 
flag set. The instruction, 


will leave 6EH (01 101 1lOB) in the Accumulator 
with AC cleared 
and both the Carry 
flag and 
OV set to 1. 


ADDC A,Rn 


Bytes: 


Cycles: 


Encoding: 
I 0 0 1 1 I 1 r r r I 


Operation: 
ADDC 
(A) +- (A) + (C) + (R.J 


ADDC 
A,dlrect 


Bytes: 
2 


Cycles: 


Encoding: 
I 0 0 1 
I 0 1 0 1 I 


Operation: 
ADDC 
(A) +- (A) + (C) + (direct) 


ADDC 
A,@RI 


Bytes: 


Cycles: 


Encoding: 
I 0 0 1 1 I 0 1 1 i I 


Operation: 
ADDC 
(A) +- (A) + (C) + «RJ) 


ADDC 
A,# data 


Bytes: 
2 


Cycles: 


Encoding: 
I 0 0 1 1 I 0 1 0 0 I 


Operation: 
ADDC 
(A) +- (A) + (C) + #data 


directaddress I 


immediatedata I 


inter 


Function: 


Description: 


Absolute 
Jump 


AJMP 
transfers 
program 
execution 
to the indicated 
address, 
which 
is formed 
at run-time 
by 


concatenating 
the high-order 
five bits of the PC (after incrementing 
the PC twice), opcode 
bits 


7-5, and the second byte of the instruction. 
The destination 
must therefore 
be within 
the same 
2K block of program 
memory 
as the first byte of the instruction 
following 
AJMP. 


The label "JMPADR" 
is at program 
memory 
location 
0123H. 
The instruction, 


Bytes: 
2 


Cycles: 
2 


I a10 
a9 
a8 
0 I 0 0 0 1 I 
I a7 
as 
a5 
a4 I a3 
a2 
a1 
aO I 


AJMP 
(PC) +- (PC) + 2 
(PCIO-O) +- page address 


Logical-AND 
for byte variables 


ANL 
performs 
the bitwise 
logical-AND 
operation 
between 
the variables 
indicated 
and stores 


the results 
in the destination 
variable. 
No flags are affected. 


The two operands 
allow six addressing 
mode combinations. 
When 
the destination 
is the Accu- 


mulator, 
the source 
can use register, 
direct, 
register-indirect, 
or immediate 
addressing; 
when 
the destination 
is a direct 
address, 
the source 
can be the Accumulator 
or immediate 
data. 


Note: When 
this instruction 
is used to modify 
an output 
port, 
the value used as the original 


port data 
will be read from the output 
data latch, 
not the input 
pins. 


If the Accumulator 
holds OC3H (IIOOOOIIB) 
and register 
0 holds 
55H (OIOIOIOIB) 
then the 


instruction, 


When 
the destination 
is a directly 
addressed 
byte, this instruction 
will clear combinations 
of 


bits in any RAM 
location 
or hardware 
register. 
The mask byte determining 
the pattern 
of bits 


to be cleared 
would 
either 
be a constant 
contained 
in the instruction 
or a value computed 
in 
the Accumulator 
at run-time. 
The instruction, 


inter 


ANL 
A,Rn 


Bytes: 


Cycles: 


Encoding: 
101 
o111rrr 


Operation: 
ANL 
(A) +- (A) 1\ (Rn) 


ANL 
A,direct 


Bytes: 
2 


Cycles: 


Encoding: 
101 
o 1 I 0 1 0 1 I 
I direct address I 


Operation: 
ANL 


(A) +- (A) 1\ (direct) 


ANL 
A,@RI 


Bytes: 


Cycles: 


Encoding: 
101 
o 1 I 0 1 1 


Operation: 
ANL 


(A) +- (A) 
1\ «Ri» 


ANL 
A,#data 


Bytes: 
2 


Cycles: 


Encoding: 
101 
o 1 101 
0 0 
I immediate data I 


Operation: 
ANL 
(A) +- (A) 1\ #data 


ANL 
dlrect,A 


Bytes: 
2 


Cycles: 


Encoding: 
10101 
100 
1 0 I 
I direct address I 


Operation: 
ANL 
(direct) +- (direct) 
1\ (A) 


intJ 


ANL 
dlrect,#data 


Bytes: 
3 


Cycles: 
2 


Encoding: 
I 0 1 0 1 I 0 0 1 1 I 


Operation: 
ANL 
(direct) +- (direct) 11 #data 


I immediate 
data I 
direct address 
I 


Function: 
Logical·AND for bit variables 


Description: 
If the Boolean value of the source bit is a logical 0 then clear the carry flag; otherwise leave the 
carry flag in its current state. A slash (U1") preceding the operand in the assembly language 
indicates that the logical complement of the addressed bit is used as the source value, but the 
source bit itself is not affected. No other flags are affected. 


Only direct addressing is allowed for the source operand. 


Example: 
Set the carry flag if, and only if, PJ.O = I, ACC. 7 = 
1, and OV = 0: 


ANL 
C,bit 


Bytes: 
2 


Cycles: 
2 


Encoding: 
I 1 0001001 
o I 


Operation: 
ANL 
(C) +- (C) 11 (bit) 


ANL 
C,/bit 


Bytes: 
2 


Cycles: 
2 


Encoding: 
I 1 0 1 1 I 0 0 0 0 I 


Operation: 
ANL 
(C) +- (C) 11 ..., (bit) 


I bit address 
I 


I bit address 
I 


inter 


Function: 


Description: 


CJNE 
A,dlrect,rel 


Bytes: 
3 


Cycles: 
2 


Compare and Jump if Not Equal. 


CJNE compares the magnitudes of the first two operands, and branches if their values are not 
equal. The branch destination is computed by adding the signed relative-displacement in the 
last instruction byte to the PC, after incrementing the PC to the start of the next instruction. 
The carry flag is set if the unsigned integer value of < dest-byte > is less than the unsigned 
integer value of <src-byte>; 
otherwise, the carry is cleared. Neither operand is affected. 


The first two operands allow four addressing mode combinations: the Accumulator may be 
compared with any directly addressed byte or immediate data, and any indirect RAM location 
or working register can be compared with an immediate constant. 


The Accumulator 
contains 34H. Register 7 contains 56H. The first instruction in the se- 
quence, 


R7 = 6OH. 
IF R7 < 6OH. 
R7> 
60H. 


sets the carry flag and branches to the instruction at label NOT_EQ. 
By testing the carry flag, 
this instruction determines whether R7 is greater or less than 6OH. 


clears the carry flag and continues with the next instruction in sequence, since the Accumula- 
tor does equal the data read from PI. (If some other value was being input on PI, the program 
will loop at this point until the PI data changes to 34H.) 


11011101011 
I 
direct address 
1 
1 
reI. address 
1 


(PC) - 
(PC) + 3 
IF (A) < > (direct) 
THEN 


IF (A) < (direct) 
THEN 


(C) - 
I 


(C)-0 


intJ 


CJNE 
A,#data,rel 


Bytes: 
3 


Cycles: 
2 


Encoding: 
I 1 0 1 1 I 0 1 0 0 I 
I immediatedata I 
I reI.address I 


Operation: 
(PC)+- (PC) + 3 
IF (A) < > data 
THEN 
(PC)+- (PC) + relative offset 


IF (A) < data 
THEN 
(C) +- 1 


(C) +- 0 


CJNE 
Rn,# data,rei 


Bytes: 
3 


Cycles: 
2 


Encoding: 
I 1 0 1 1 I 1 r r r 


Operation: 
(PC)+- (PC) + 3 
IF (Rn) < > data 
THEN 


I immediatedata I 
I reI.address I 


IF (Rn) < data 
THEN 
(C) +- 1 


(C) +- 0 


CJNE 
@Ri,#data,rel 


Bytes: 
3 


Cycles: 
2 


Encoding: 
I 1 0 1 1 I 0 1 1 


Operation: 
(PC)+- (PC) + 3 
IF «Ri)) < > data 
THEN 


I immediatedata I 
I reI.address I 


IF «Ri)) < data 
THEN 
(C) +- 1 


(C) +- 0 


inter 


Function: 
Clear Accumulator 


Description: 
The Accumulator is cleared (all bits set on zero). No flags are affected. 


Example: 
The Accumulator contains 5CH (OlOlll00B). The instruction, 


Bytes: 


Cycles: 


Encoding: 
I 1 1 1 0 I 0 1 0 0 I 


Operation: 
CLR 
(A)~O 


Function: 
Clear bit 


Description: 
The indicated bit is cleared (reset to zero). No other flags are affected. CLR can operate on the 
carry flag or any directly addressable bit. 


Example: 
Port I has previously been written with 5DH (01011101B). The instruction, 


Bytes: 


Cycles: 


Encoding: 
I 1 1 0 0 I 0 0 1 1 I 


Operation: 
CLR 
(C) ~O 


Bytes: 
2 


Cycles: 


Encoding: 
I 1 1 0 0 I 0 0 1 0 


Operation: 
CLR 
(bit) ~ 
0 


I bit address 
I 


inter 


Function: 


Description: 


Complement Accumulator 


Each bit of the Accumulator is logically complemented (one's complement). Bits which previ- 
ously contained a one are changed to a zero and vice-versa. No flags are affected. 


The Accumulator contains 5CH (0101I lOOB).The instruction, 


Bytes: 


Cycles: 


Encoding: 
I 1 1 1 1 I 0 1 0 0 I 


Operation: 
CPL 
(A) --, 
(A) 


Function: 
Complement bit 


Description: 
The bit variable specified is complemented. A bit which had been a one is changed to zero and 
vice-versa. No other flags are affected. CLR can operate on the carry or any directly address- 
able bit. 


Note: When this instruction is used to modify an output pin, the value used as the original data 
will be read from the output data latch, not the input pin. 


Port I has previously been written with 5BH (0101I IOIB). The instruction sequence, 


Bytes: 


Cycles: 


Encoding: 
I 1 0 1 1 I 0 0 1 1 I 


Operation: 
CPL 
(C) --, 
(C) 


Bytes: 
2 


Cycles: 


I bit address I 


CPL 
(bit) - 
-, (bit) 


Function: 


Description: 


Decimal-adjust Accumulator for Addition 


DA A adjusts the eight-bit value in the Accumulator resulting from the earlier addition of two 
variables (each in packed-BCD format), producing two four-bit digits. Any ADD or ADDC 
instruction may have been used to perform the addition. 


If Accumulator bits 3-0 are greater than nine (xxxxIOIO-xxxxI 111), or if the AC flag is one, 
six is added to the Accumulator producing the proper BCD digit in the low-order nibble. This 
internal addition would set the carry flag if a carry-out of the low-order four-bit field propagat- 
ed through all high-order bits, but it would not clear the carry flag otherwise. 


If the carry flag is now set, or if the four high-order bits now exceed nine (lOl0xxxx-1IIxxxx), 
these high-order bits are incremented by six, producing the proper BCD digit in the high-order 
nibble. Again, this would set the carry flag if there was a carry-out of the high-order bits, but 
wouldn't clear the carry. The carry flag thus indicates if the sum of the original two BCD 
variables is greater than 100, allowing multiple precision decimal addition. OV is not affected. 


All of this occurs during the one instruction cycle. Essentially, this instruction performs the 
decimal conversion by adding OOH,06H, 6OH, or 66H to the Accumulator, depending on 
initial Accumulator and PSW conditions. 


Note: DA A cannot simply convert a hexadecimal number in the Accumulator to BCD nota- 
tion, nor does DA A apply to decimal subtraction. 


inter 
MCS@-51 PROGRAMMER'S 
GUIDE AND INSTRUCTION 
SET 


Example: 
The Accumulator 
holds the value 56H (0101011OB) 
representing 
the packed 
BCD digits of the 


decimal 
number 
56. Register 
3 contains 
the value 67H (OIIOOIIIB) 
representing 
the packed 


BCD digits of the decimal 
number 
67. The carry 
flag is set. The instruction 
sequence. 


ADDe 
A,R3 
DA 
A 


will first perform 
a standard 
twos-complement 
binary 
addition, 
resulting 
in the value OBEH 


(10111110) 
in the Accumulator. 
The carry 
and auxiliary 
carry 
flags will be cleared. 


The 
Decimal 
Adjust 
instruction 
will 
then 
alter 
the 
Accumulator 
to 
the 
value 
24H 
(OOIOOIOOB), indicating 
the packed 
BCD digits of the decimal 
number 
24, the low-order 
two 


digits of the decimal 
sum of 56, 67, and the carry-in. 
The carry flag will be set by the Decimal 


Adjust 
instruction, 
indicating 
that a decimal 
overflow 
occurred. 
The true sum 56, 67, and I is 


124. 


BCD variables 
can be incremented 
or decremented 
by adding 
OIH or 99H. If the Accumulator 
initially 
holds 
30H (representing 
the digits of 30 decimal), 
then the instruction 
sequence, 


ADD 
A,#99H 


DA 
A 


will leave the carry 
set and 29H in the Accumulator, 
since 30 + 99 = 129. The low-order 


byte of the sum can be interpreted 
to mean 
30 - 
I = 29. 


Bytes: 


Cycles: 


Encoding: 
I 1 1 0 1 I 0 1 0 0 I 


Operation: 
DA 
-contents 
of Accumulator 
are BCD 
IF 
[[(A3'{)) > 91 V [(AC) = III 
THEN(A3'{)) 
+- (A3.{)) + 6 
AND 


IF 
[[(A7-4) > 9] V [(C) = III 
THEN 
(A7-4) +- (A7-4) + 6 


inter 


Function: 


Description: 
The vl\riable indicated is decremented by 1. An original value of OOHwill underflow to OFFH. 
No flags are affected. Four operand addressing modes are allowed: accumulator, 
register, 


direct, or register-indirect. 


Note: When this instruction is used to modify an output port, the value used as the original 
port data will be read from the output data latch, not the input pins. 


Register 0 contains 7FH (OlI11111B). Internal RAM locations 7EH and 7FH contain OOH 
and 4OH, respectively. The instruction sequence, 


will leave register 0 set to 7EH and internal RAM locations 7EH and 7FH set to OFFH and 
3FH. 


DEC 
A 


Bytes: 


Cycles: 


Encoding: 
10001 
I 0 1 0 0 I 


Operation: 
DEC 
(A) ~(A) 
- 


DEC 
Rn 


Bytes: 


Cycles: 


Encoding: 
I 000 
1 I 1 r r r I 


Operation: 
DEC 
(Rn) ~ 
(Rn) - 
I 


Function: 
Divide 


Description: 
DIV AB divides 
the unsigned 
eight-bit 
integer 
in the Accumulator 
by the unsigned 
eight-bit 


integer 
in register 
B. The Accumulator 
receives 
the integer 
part 
of the quotient; 
register 
B 
receives 
the integer 
remainder. 
The carry 
and OV flags will be cleared. 


Exception: 
if B had originally 
contained 
OOH, the values returned 
in the Accumulator 
and B- 
register 
will be undefined 
and the overflow 
flag will be set. The carry 
flag is cleared 
in any 


case. 


Example: 
The Accumulator 
contains 
251 (OFBH or 1l11lOllB) 
and B contains 
18 (12H or 000100 lOB). 


The instruction, 


will leave 13 in the Accumulator 
(ODH or OOOOIIOIB) and the value 
17 (11H or OOOIOOOIB) 


in B, since 251 = (13 X 18) + 17. Carry 
and OV will both be cleared. 


Bytes: 


Cycles: 
4 


Encoding: 
I 1 0 0 0 I 0 
1 0 0 I 


Operation: 
DIV 


(Ahs-8 
_ 
(A)/(B) 
(Bh-o 


inter 


Function: 
Decrement and Jump if Not Zero 


Description: 
DJNZ decrements the location indicated by I, and branches to the address indicated by the 
second operand if the resulting value is not zero. An original value of OOHwill underflow to 
OFFH. No flags are affected. The branch destination would be computed by adding the signed 
relative-displacement value in the last instruction byte to the PC, after incrementing the PC to 
the first byte of the following instruction. 


Note: When this instruction is used to modify an output port, the value used as the original 
port data will be read from the output data latch, not the input pins. 


Internal RAM locations 4OH, 50H, and 60H contain the values OIH, 70H, and I5H, respec- 
tively. The instruction sequence, 


DJNZ 
40H,LABEL_I 
DJNZ 
50H,LABEL_2 
DJNZ 
60H,LABEL_3 


will cause ajump to the instruction at label LABEL_2 
with the values OOH,6FH, and I5H in 
the three RAM locations. The first jump was not taken because the result was zero. 


This instruction provides a simple way of executing a program loop a given number of times, 
or for adding a moderate time delay (from 2 to 512 machine cycles) with a single instruction. 
The instruction sequence, 


MOV 
TOGGLE: 
CPL 
DJNZ 


R2,#8 
PI.7 
R2,TOGGLE 


will toggle PI. 7 eight times, causing four output pulses to appear at bit 7 of output Port 1. 
Each pulse will last three machine cycles; two for DJNZ and one to alter the pin. 


DJNZ 
Rn,rel 


Bytes: 
2 


Cycles: 
2 


Encoding: 
I 1 1 0 1 I 1 r r r 
I reI. address I 


DJNZ 
(PC) +- (PC) + 2 
(Rn) +- (Rn) - 
1 
IF 
(Rn) > 0 or (Rn) < 0 
THEN 


DJNZ 
direct, rei 


Bytes: 
3 


Cycles: 
2 


Encoding: 
I 1 1 0 1 I 0 1 0 1 I 


Operation: 
DJNZ 
(PC) - 
(PC) + 2 
(direct) 
- 
(direct) 
- 
1 
IF (direct) 
> 0 or (direct) 
< 0 
THEN 
(PC) - 
(PC) + rei 


I direct address 
I 
I reI. address 
I 


Function: 
Increment 


Description: 
INC increments 
the indicated 
variable 
by 1. An original 
value of OFFH will overflow 
to DOH. 


No flags are affected. 
Three addressing 
modes are allowed: 
register, 
direct, 
or register-indirect. 


Note: When 
this instruction 
is used to modify 
an output 
port, 
the value 
used as the original 
port data 
will be read from the output 
data 
latch, 
not the input 
pins. 


Example: 
Register 
0 contains 
7EH (OI111111OB). 
Internal 
RAM 
locations 
7EH and 7FH contain 
OFFH 
and 4OH, respectively. 
The instruction 
sequence, 


INC 
@RO 
INC 
RO 
INC 
@RO 


will leave register 
0 set to 7FH and internal 
RAM 
locations 
7EH and 7FH holding 
(respective- 
ly) DOH and 41H. 


Bytes: 


Cycles: 


Encoding: 
I 0 0 0 0 I 0 1 0 0 I 


Operation: 
INC 
(A)-(A) 
+ 1 


INC 
Rn 


Bytes: 


Cycles: 


Encoding: 
I 0 0 0 0 I 1 r r r 


Operation: 
INC 
(Rn) +- (Rn) + I 


INC 
direct 


Bytes: 
2 


Cycles: 


Encoding: 
10000 
I 0 1 0 1 I 
I direct address I 


Operation: 
INC 
(direct) +- (direct) + I 


INC 
@RI 


Bytes: 


Cycles: 


Encoding: 
I 000 
0 I o 1 1 


Operation: 
INC 
«Ri» +- «Ri» + 


Function: 
Increment Data Pointer 


Description: 
Increment the 16-bit data pointer by I. A 16-bit increment (modulo 216) is performed; an 
overflow of the low-order byte of the data pointer (DPL) from OFFH to OOHwill increment 
the high-order byte (DPH). No flags are affected. 


This is the only 16-bit register which can be incremented. 


Example: 
Registers DPH and DPL contain 12H and OFEH, respectively. The instruction sequence, 


INC 
DPTR 
INC 
DPTR 
INC 
DPTR 


Bytes: 


Cycles: 
2 


Encoding: 
I 1 0 1 0 I 0 0 1 1 I 


Operation: 
INC 
(DPTR) +- (DPTR) + I 


Function: 
Jump if Bit set 


Description: 
If the indicated bit is a one, jump to the address indicated; otherwise proceed with the next 
instruction. The branch destination is computed by adding the signed relative-displacement in 
the third instruction byte to the PC, after incrementing the PC to the first byte of the next 
instruction. 
The bit tested is not modified. 
No flags are affected. 


Example: 
The data present at input port I is IlOOIOIOB.The Accumulator holds 56 (010101lOB). The 
instruction sequence, 


Bytes: 
3 


Cycles: 
2 


Encoding: 
I 0 0 1 0 I 0 0 0 0 I 
I bit address 
I 
I reI. address I 


JB 
(PC) +- (PC) + 3 
IF 
(bit) = I 
THEN 


Function: 
Jump if Bit is set and Clear bit 


Description: 
If the indicated bit is one, branch to the address indicated; otherwise proceed with the next 
instruction. The bit will not be cleared if it is already a zero. The branch destination is comput- 
ed by adding the signed relative-displacement in the third instruction byte to the PC, after 
incrementing the PC to the first byte of the next instruction. No flags are affected. 


Note: When this instruction is used to test an output pin, the value used as the original data 
will be read from the output data latch, not the input pin. 


The Accumulator holds 56H (010101lOB). The instruction sequence, 


JBC 
ACC.3,LABELl 
JBC 
ACC.2,LABEL2 


will cause program execution to continue at the instruction identified by the label LABEL2, 
with the Accumulator modified to 52H (010100lOB). 


inter 
MCSI6>·51PROGRAMMER'S 
GUIDE AND INSTRUCTION 
SET 


Bytes: 
3 


Cycles: 
2 


Encoding: 
I 0 0 0 1 I 0 0 0 0 I 


OperatIon: 
JBC 
(PC) - 
(PC) + 3 
IF 
(bit) = I 
THEN 


I bit address I 
I reI. address I 


(bit) -0 
(PC) - 
(PC) + rei 


FunctIon: 
Jump if Carry is set 


DescrIptIon: 
If the carry flag is set, branch to the address indicated; otherwise proceed with the next 
instruction. The branch destination is computed by adding the signed relative-displacement in 
the second instruction byte to the PC, after incrementing the PC twice. No flags are affected. 


Example: 
The carry flag is cleared. The instruction sequence, 


JC 
LABELl 
CPL 
C 
JC 
LABEL 2 


will set the carry and cause program execution to continue at the instruction identified by the 
label LABEL2. 


Bytes: 
2 


Cycles: 
2 


EncodIng: 
I 0 1 0 0 I 0 0 0 0 I 
I reI. address I 


Operation: 
JC 
(PC) - 
(PC) + 2 
IF 
(C) = I 
THEN 


inter 


Function: 
Jump indirect 


Description: 
Add the eight-bit unsigned contents of the Accumulator with the sixteen-bit data pointer, and 
load the resulting sum to the program counter. This will be the address for subsequent instruc- 
tion fetches. Sixteen-bit addition is performed (modulo 216): a carry-out from the low-order 
eight bits propagates through the higher-order bits. Neither the Accumulator nor the Data 
Pointer is altered. No flags are affected. 


Example: 
An even number from 0 to 6 is in the Accumulator. The following sequence of instructions will 
branch to one of four AJMP instructions in a jump table starting at JMP _TBL: 


MOY 
JMP 
AJMP 
AJMP 
AJMP 
AJMP 


DPTR,#JMP_TBL 
@A+DPTR 
LABELO 
LABELl 
LABEL2 
LABEU 


If the Accumulator 
equals 04H when starting this sequence, execution will jump to label 
LABEL2. Remember that AJMP is a two-byte instruction, so the jump instructions start at 
every other address. 


Bytes: 


Cycles: 
2 


Encoding: 
I 0 1 1 1 I 0 0 1 1 I 


Operation: 
JMP 
(PC) - 
(A) + (DPTR) 


inter 


Function: 


Description: 


Jump if Bit Not set 


If the indicated bit is a zero, branch to the indicated address; otherwise proceed with the next 
instruction. The branch destination is computed by adding the signed relative-displacement in 
the third instruction byte to the PC, after incrementing the PC to the first byte of the next 
instruction. The bit tested is not modified. No flags are affected. 


The data present at input port I is llOOlOl0B. The Accumulator holds 56H (010101lOB). The 
instruction sequence, 


JNB 
P1.3,LABELl 
JNB 
ACC.3,LABEL2 


Bytes: 
3 


Cycles: 
2 


Encoding: 
I 0 0 1 1 I 0 0 0 0 I 


Operation: 
JNB 
(PC) - 
(PC) + 3 
IF 
(bit) = 0 
THEN (PC) - 
(PC) + reI. 


I bit address 
I 
I reI. address 
I 


Function: 


Description: 


Jump if Carry not set 


If the carry flag is a zero, branch to the address indicated; otherwise proceed with the next 
instruction. The branch destination is computed by adding the signed relative-displacement in 
the second instruction byte to the PC, after incrementing the PC twice to point to the next 
instruction. The carry flag is not modified. 


The carry flag is set. The instruction sequence, 


JNC 
LABELl 
CPL 
C 
JNC 
LABEL2 


will clear the carry and cause program execution to continue at the instruction identified by 
the label LABEL2. 


Bytes: 
2 


Cycles: 
2 


Encoding: 
I 0 1 0 1 I 0 0 0 0 I 
I reI. address I 


Operation: 
JNC 
(PC) - 
(PC) + 2 
IF 
(C) = 0 
THEN 
(PC) - 
(PC) + reI 


inter 


Function: 
Jump if Accumulator Not Zero 


Description: 
If any bit of the Accumulator is a one, branch to the indicated address; otherwise proceed with 
the next instruction. The branch destination is computed by adding the signed relative-dis- 
placement in the second instruction byte to the PC, after incrementing the PC twice. The 
Accumulator is not modified. No flags are affected. 


Example: 
The Accumulator originally holds OOH.The instruction sequence, 


JNZ 
LABELl 
INC 
A 
JNZ 
LABEL2 


Bytes: 
2 


Cycles: 
2 


Encoding: 
I 0 1 1 1 I 0 0 0 0 I 


Operation: 
JNZ 
(PC) - 
(PC) + 2 
IF 
(A) *- 0 
THEN 
(PC) - 
(PC) + rel 


I reI. address I 


Function: 


Description: 


Jump if Accumulator Zero 


If all bits of the Accumulator are zero, branch to the address indicated; otherwise proceed with 
the next instruction. The branch destination is computed by adding the signed relative-dis- 
placement in the second instruction byte to the PC, after incrementing the PC twice. The 
Accumulator is not modified. No flags are affected. 


The Accumulator originally contains OlH. The instruction sequence, 


JZ 
LABELl 
DECA 
JZ 
LABEL2 


will change the Accumulator to OOHand cause program execution to continue at the instruc- 
tion identified by the label LABEL2. 


Bytes: 
2 


Cycles: 
2 


Encoding: 
I 0 1 1 0 I 0 0 0 0 I 
I reI. address 
I 


JZ 
(PC) - 
(PC) + 2 
IF 
(A) = 0 
THEN 
(PC) - 
(PC) + rei 


inter 


Function: 


Description: 


Long call 


LCALL calls a subroutine located at the indicated address. The instruction adds three to the 
program counter to generate the address of the next instruction and then pushes the l6-bit 
result onto the stack (low byte first), incrementing the Stack Pointer by two. The high-order 
and low-order bytes of the PC are then loaded, respectively, with the second and third bytes of 
the LCALL instruction. Program execution continues with the instruction at this address. The 
subroutine may therefore begin anywhere in the full 64K-byte program memory address space. 
No flags are affected. 


Initially the Stack Pointer equals 07H. The label "SUBRTN" is assigned to program memory 
location l234H. After executing the instruction, 


at location 0123H, the Stack Pointer will contain 09H, internal RAM locations OSHand 09H 
will contain 26H and OIH, and the PC will contain l234H. 


Bytes: 
3 


Cycles: 
2 


Encoding: 
I 0 0 0 1 I 0 0 1 0 I 
I addr15-addr8 
I 
I addr7-addrO I 


LCALL 
(PC) +- (PC) + 3 
(SP) +- (SP) + I 
«SP)) +- (PC7-O) 
(SP) +- (SP) + I 
«SP)) +- (PCI5-S) 
(PC) +- addq 5-0 


Function: 
Long Jump 


Description: 
UMP causes an unconditional branch to the indicated address, by loading the high-order and 
low-order bytes of the PC (respectively) with the second and third instruction bytes. The 
destination may therefore be anywhere in the full 64K program memory address space. No 
flags are affected. 


Example: 
The label "JMPADR" 
is assigned to the instruction at program memory location 1234H. The 


instruction, 


at location Ol23H will load the program counter with l234H. 


Bytes: 
3 


Cycles: 
2 


Encoding: 
I 0 0 0 0 I 0 0 1 0 I 
I addr7 -addrO I 
I addr15-addr8 
I 


UMP 
(PC) +- addrl5.0 


intJ 


Function: 
Move byte variable 


Description: 
The byte variable indicated by the second operand is copied into the location specified by the 
first operand. The source byte is not affected. No other register or flag is affected. 


This is by far the most flexible operation. Fifteen combinations of source and destination 
addressing modes are allowed. 


Example: 
Internal RAM location 30H holds 4OH. The value of RAM location 40H is 1OH.The data 
present at input port 1 is 110010lOB (OCAH). 


MOV 
RO,#30H 
MOV 
A,@RO 
MOV 
RI,A 
MOV 
B,@Rl 
MOV 
@Rl,PI 
MOV 
P2,Pl 


;RO <= 
30H 
;A < = 40H 
;RI <= 
40H 
;B <= 
lOH 
;RAM (40H) < = OCAH 
;P2 #OCAH 


leaves the value 30H in register 0, 40H in both the Accumulator and register 1, IOH in register 
B, and OCAH (I lOOIOIOB)both in RAM location 40H and output on port 2. 


MOV 
A,Rn 


Bytes: 


Cycles: 


Encoding: 
I 1 1 1 0 I 1 r r r I 


Operation: 
MOV 
(A) +- (Rn) 


'MOV 
A,dlrect 


Bytes: 
2 


Cycles: 


Encoding: 
1111010101 
I 


Operation: 
MOV 
(A) +- (direct) 


I direct address 
I 


inter 


MOV 
A,@RI 


Bytes: 


Cycles: 


Encoding: 
1 1 110101 


Operation: 
MOY 
(A) +- «Ri» 


MOV 
A,#data 


Bytes: 
2 


Cycles: 


Encoding: 
1 0 1 1 1 10100 
1 
I immediate data 1 


Operation: 
MOY 
(A) +- #data 


MOV 
Rn,A 


Bytes: 


Cycles: 


Encoding: 
1 1 1 1 1 I 1 r r r 1 


Operation: 
MOY 
(Rn) +- (A) 


MOV 
Rn,dlrect 


Bytes: 
2 


Cycles: 
2 


Encoding: 
1101011 
r r r 
1 direct addr. 1 


Operation: 
MOY 
(Rn) +- (direct) 


MOV 
Rn, # data 


Bytes: 
2 


Cycles: 


Encoding: 
101 
1 1 I 1 r r r 
I immediate data 1 


Operation: 
MOY 
(Rn) +- #data 


inter 
MCS~·51PROGRAMMER'S 
GUIDE AND INSTRUCTION 
SET 


MOV 
dlrect,A 


Bytes: 
2 


Cycles: 


Encoding: 
I 1 111101 
o 1 I 
1 direct address I 


Operation: 
MOV 
(direct) +- (A) 


MOV 
dlrect,Rn 


Bytes: 
2 


Cycles: 
2 


Encoding: 
I 1 00011rrr 
1 direct address I 


Operation: 
MOV 
(direct) +- (Rn) 


MOV 
dlrect,dlrect 


Bytes: 
3 


Cycles: 
2 


Encoding: 
1100010101 
I dir. addr. (src) 1 
I dir. addr. (dest) I 


Operation: 
MOV 
(direct) +- (direct) 


MOV 
dlrect,@RI 


Bytes: 
2 


Cycles: 
2 


Encoding: 
1 1 000101 
1 direct addr. 1 


Operation: 
MOV 
(direct) +- «Ri» 


MOV 
dlrect,#data 


Bytes: 
3 


Cycles: 
2 


Encoding: 
101 
1110101 
1 direct address I 
1 immediate data I 


Operation: 
MOV 
(direct) +- #data 


MOV 
@RI,A 


Bytes: 


Cycles: 


Encoding: 
I 1 111101 


Operation: 
MOY 
«Ri)) - 
(A) 


MOV 
@RI,dlrect 


Bytes: 
2 


Cycles: 
2 


Encoding: 
11010101 


Operation: 
MOY 
«Ri)) - 
(direct) 


MOV 
@RI,#data 


Bytes: 
2 


Cycles: 


Encoding: 
10111101 


Operation: 
MOY 
«RI)) - 
#data 


MOV 
<dest-blt >,<src-blt > 


I direct addr. I 


I immediate 
data I 


Description: 
The Boolean variable indicated by the second operand is copied into the location specified by 
the first operand. One of the operands must be the carry flag; the other may be any directly 
addressable bit. No other register or flag is affected. 


Example: 
The carry flag is originally set. The data present at input Port 3 is llOOOlOIB. The data 
previously written to output Port I is 35H (OOllOlOIB). 


MOY 
P1.3,C 
MOY 
C,P3.3 
MOY 
PI.2,C 


inter 


MOV 
C,blt 


Bytes: 
2 


Cycles: 


Encoding: 
11010100101 


Operation: 
MOV 
(C) +- (bit) 


MOV 
blt,C 


Bytes: 
2 


Cycles: 
2 


Encoding: 
11001100101 


Operation: 
MOV 
(bit) +- (C) 


MOV 
DPTR,#data16 


I bit address I 


1 bit address I 


Function: 
Load Data Pointer with a 16-bit constant 


Description: 
The Data Pointer is loaded with the 16-bit constant indicated. The 16-bit constant is loaded 
into the second and third bytes of the instruction. The second byte (DPH) is the high-order 
byte, while the third byte (DPL) holds the low-order byte. No flags are affected. 


This is the only instruction which moves 16 bits of data at once. 


Example: 
The instruction, 


will load the value 1234H into the Data Pointer: DPH will hold l2H and DPL will hold 34H. 


Bytes: 
3 


Cycles: 
2 


Encoding: 
I 1 0 0 1 I 0 0 0 0 1 
1 immed. data15-8 I 
I immed. data7-0 I 


Operation: 
MOV 
(DPTR) +- #datalS-O 
DPH 0 DPL +- #datalS_8 0 #data7-0 


inter 


Function: 
Move Code byte 


Description: 
The MOVC instructions load the Accumulator with a code byte, or constant from program 
memory. The address of the byte fetched is the sum of the original unsigned eight-bit Accumu- 
lator contents and the contents of a sixteen-bit base register, which may be either the Data 
Pointer or the PC. In the latter case, the PC is incremented to the address of the following 
instruction before being added with the Accumulator; otherwise the base register is not al- 
tered. Sixteen-bit addition is performed so a carry-out from the low-order eight bits may 
propagate through higher-order bits. No flags are affected. 


Example: 
A value between 0 and 3 is in the Accumulator. The following instructions will translate the 
value in the Accumulator to one of four values defmed by the DB (define byte) directive. 


RELJC: 
INC 
A 


MOVC 
A,@A+PC 


RET 


DB 
66H 


DB 
77H 


DB 
88H 


DB 
99H 


If the subroutine is called with the Accumulator equal to OIH, it will return with 77H in the 
Accumulator. The INC A before the MOVC instruction is needed to "get around" the RET 
instruction above the table. If several bytes of code separated the MOVC from the table, the 
corresponding number would be added to the Accumulator instead. 


MOVC 
A,@A+DPTR 


Bytes: 


Cycles: 
2 


Encoding: 
I 1 0 0 1 I 0 0 1 1 I 


Operation: 
MOVC 
(A) +- «A) + (DPTR» 


MOVC 
A,@A + PC 


Bytes: 


Cycles: 
2 


Encoding: 
I 1 0 0 0 I 0 0 1 1 I 


Operation: 
MOVC 
(PC) +- (PC) + I 
(A) +- «A) + (PC» 


inter 
MCS(8)·51 PROGRAMMER'S 
GUIDE AND INSTRUCTION 
SET 


Function: 


Description: 
The MOVX instructions transfer data between the Accumulator and a byte of external data 
memory, hence the "X" appended to MOV. There are two types of instructions, differing in 
whether they provide an eight-bit or sixteen-bit indirect address to the external data RAM. 


In the first type, the contents of RO or RI in the current register bank provide an eight-bit 
address multiplexed with data on PO. Eight bits are sufficient for external I/O expansion 
decoding or for a relatively small RAM array. For somewhat larger arrays, any output port 
pins can be used to output higher-order address bits. These pins would be controlled by an 
output instruction preceding the MOVX. 


In the second type of MOVX instruction, the Data Pointer generates a sixteen-bit address. P2 
outputs the high-order eight address bits (the contents of DPH) while POmultiplexes the low- 
order eight bits (DPL) with data. The P2 Special Function Register retains .its previous con- 
tents while the P2 output buffers are emitting the contents of DPH. This form is faster and 
more efficient when accessing very large data arrays (up to 64K bytes), since no additional 
instructions are needed to set up the output ports. 


It is possible in some situations to mix the two MOVX types. A large RAM array with its 
high-order address lines driven by P2 can be addressed via the Data Pointer, or with code to 
output high-order address bits to P2 followed by a MOVX instruction using RO or Rl. 


An external 256 byte RAM using multiplexed address/data 
lines (e.g., an Intel 8155 RAMI 


I/OlTimer) 
is connected to the 8051 Port O. Port 3 provides control lines for the external 
RAM. Ports I and 2 are used for normal 110. Registers 0 and I contain 12H and 34H. 
Location 34H of the external RAM holds the value 56H. The instruction sequence, 


MOVX 
A,@RI 


MOVX 
@RO,A 


inter 


MOVX 
A,@RI 


Bytes: 


Cycles: 
2 


Encoding: 
I 1 1 1 0 I 0 0 1 


Operation: 
MOVX 
(A) +- «Ri» 


MOVX 
A,@DPTR 


Bytes: 


Cycles: 
2 


Encoding: 
I 1 1 1 0 I 0 0 0 0 I 


Operation: 
MOVX 
(A) +- «DPTR» 


MOVX 
@RI,A 


Bytes: 


Cycles: 
2 


Encoding: 
I 1 1 1 1 I 0 0 1 


Operation: 
MOVX 
«Ri» +- (A) 


MOVX 
@DPTR,A 


Bytes: 


Cycles: 
2 


Encoding: 
I 1 1 1 1 I 0 0 0 0 I 


Operation: 
MOVX 
(DPTR) +- (A) 


inter 


Function: 
Multiply 


Description: 
MUL AB multiplies the unsigned eight-bit integers in the Accumulator and register B. The 
low-order byte of the sixteen-bit product is left in the Accumulator, and the high-order byte in 
B. If the product is greater than 255 (OFFH) the overflow flag is set; otherwise it is cleared. 
The carry flag is always cleared. 


Example: 
Originally the Accumulator holds the value 80 (50H). Register B holds the value 160 (OAOH). 
The instruction, 


will give the product 12,800 (3200H), so B is changed to 32H (001100lOB)and the Accumula- 
tor is cleared. The overflow flag is set, carry is cleared. 


Bytes: 


Cycles: 
4 


Encoding: 
I 1 0 1 0 I 0 1 0 0 I 


Operation: 
MUL 
(Ah-o +- (A) X (B) 
(Bhs-8 


Function: 
No Operation 


Description: 
Execution continues at the following instruction. Other than the PC, no registers or flags are 
affected. 


Example: 
It is desired to produce a low-going output pulse on bit 7 of Port 2 lasting exactly 5 cycles. A 
simple SETB/CLR sequence would generate a one-cycle pulse, so four additional cycles must 
be inserted. This may be done (assuming no interrupts are enabled) with the instruction 
sequence, 


CLR 
P2.7 
NOP 
NOP 
NOP 
NOP 
SETB 
P2.7 


Bytes: 


Cycles: 


Encoding: 
I 0 0 0 0 I 0 0 0 0 I 


Operation: 
NOP 
(PC) +- (PC) + 


inter 


Function: 


Description: 


Logical-OR for byte variables 


ORL performs the bitwise logical-OR operation between the indicated variables. storing the 
results in the destination byte. No flags are affected. 


The two operands allow six addressing mode combinations. When the destination is the Accu- 
mulator, the source can use register, direct. register-indirect. or immediate addressing; when 
the destination is a direct address, the source can be the Accumulator or immediate data. 


Note: When this instruction is used to modify an output port, the value used as the original 
port data will be read from the output data latch, not the input pins. 


If the Accumulator holds OC3H (1IOOOOIIB)and RO holds 55H (010101OIB) then the in- 
struction, 


When the destination is a directly addressed byte, the instruction can set combinations of bits 
in any RAM location or hardware register. The pattern of bits to be set is determined by a 
mask byte, which may be either a constant data value in the instruction or a variable computed 
in the Accumulator at run-time. The instruction, 


ORL 
A,Rn 


Bytes: 


Cycles: 


Encoding: 
I 0 1 0 0 I 1 r r r I 


Operation: 
ORL 
(A) - 
(A) V (Rn) 


inter 
MCS@·51 PROGRAMMER'S 
GUIDE AND INSTRUCTION 
SET 


ORL 
A,dlrect 


Bytes: 
2 


Cycles: 


Encoding: 
I 0 1 o 0 I 0 1 0 1 
I direct address I 


Operation: 
ORL 
(A) +- (A) V (direct) 


ORL 
A,@RI 


Bytes: 


Cycles: 


Encoding: 
101 
OOlO11i 


Operation: 
ORL 
(A) +- (A) V «Ri» 


ORL 
A,# data 


Bytes: 
2 


Cycles: 


Encoding: 
10100 
I o 1 0 0 
I immediate 
data I 


Operation: 
ORL 
(A) +- (A) V #data 


ORL 
direct,A 


Bytes: 
2 


Cycles: 


Encoding: 
10100 
I 001 
0 
I 
I direct address 
I 


Operation: 
ORL 
(direct) +- (direct) V (A) 


ORL 
direct, # data 


Bytes: 
3 


Cycles: 
2 


Encoding: 
10100 
I 001 
1 
I 
direct addr. I 
I immediate 
data I 


Operation: 
ORL 
(direct) +- (direct) V #data 


inter 


Function: 
Logical-OR for bit variables 


Description: 
Set the carry flag if the Boolean value is a logical 1; leave the carry in its current state 
otherwise. 
A slash ("/") 
preceding the operand in the assembly language indicates that the 
logical complement of the addressed bit is used as the source value, but the source bit itself is 
not affected. No other flags are affected. 


Example: 
Set the carry flag if and only if Pl.O = I, ACC. 7 = 1, or OV = 0: 


ORL 
C,blt 


Bytes: 
2 


Cycles: 
2 


Encoding: 
101 
1110010 


Operation: 
ORL 
(C) +- (C) V (bit) 


ORL 
C,/blt 


Bytes: 
2 


Cycles: 
2 


Encoding: 
11010100001 


Operation: 
ORL 
(C) +- (C) V (bit) 


I bit address 
1 


I bit address I 


inter 


Function: 


Description: 


Pop from stack. 


The contents 
of the internal 
RAM 
location 
addressed 
by the Stack 
Pointer 
is read, 
and the 
Stack 
Pointer 
is decremented 
by one. The 
value 
read 
is then 
transferred 
to the directly 
ad- 
dressed 
byte indicated. 
No flags are affected. 


The 
Stack 
Pointer 
originally 
contains 
the 
value 
32H, 
and 
internal 
RAM 
locations 
30H 
through 
32H contain, the values 
20H, 23H, and OIH, respectively. 
The instruction 
sequence, 


will leave the Stack Pointer 
equal to the value 30H and the Data 
Pointer 
set to 0123H. 
At this 
point the instruction, 


will leave the Stack Pointer 
set to 20H, Note 
that in this special 
case the Stack 
Pointer 
was 
decremented 
to 2FH before being loaded 
with the value popped 
(20H). 


Bytes: 
2 


Cycles: 
2 


Encoding: 
I 1 1 0 
1 I 0 0 0 0 I 
I direct address I 


POP 
(direct) 
- 
«SP» 
(SP) - 
(SP) 
- 
I 


Function: 


Description: 
The Stack Pointer 
is incremented 
by one. The contents 
of the indicated 
variable 
is then copied 
into the internal 
RAM 
location 
addressed 
by the Stack Pointer. 
Otherwise 
no flags are affect- 
ed. 


On entering 
an interrupt 
routine 
the Stack Pointer 
contains 
09H. The Data 
Pointer 
holds the 
value 0123H. 
The instruction 
sequence, 


PUSH 
DPL 


PUSH 
DPH 


will leave the Stack 
Pointer 
set to OBH and store 
23H and OIH in internal 
RAM 
locations 
OAH and OBH, respectively. 


Bytes: 
2 


Cycles: 
2 


Encoding: 
I 1 1 0 0 I 0 0 0 0 I 
I direct address I 


PUSH· 
(SP) - 
(SP) + I 
«SP» 
- 
(direct) 


inter 


Function: 
Return 
from subroutine 


Description: 
RET 
pops the high- and low-order 
bytes of the PC successively 
from the stack, 
decrementing 


the Stack Pointer 
by two. Program 
execution 
continues 
at the resulting 
address, 
generally 
the 


instruction 
immediately 
following 
an ACALL 
or LCALL. 
No flags are affected. 


Example: 
The Stack Pointer 
originally 
contains 
the value OBR. Internal 
RAM 
locations 
OAR and OBR 
contain 
the values 
23R and OIR, 
respectively. 
The instruction, 


will leave 
the 
Stack 
Pointer 
equal 
to the 
value 
09R. 
Program 
execution 
will continue 
at 


location 
0123R. 


Bytes: 


Cycles: 
2 


Encoding: 
I 0 0 
1 0 I 0 0 1 0 I 


Operation: 
RET 
(PCIS-S) +- «SP» 
(SP) +- (SP) 
- 
I 
(PC7-0) +- «SP» 
(SP) +- (SP) 
- 
I 


Function: 
Return 
from interrupt 


Description: 
RETI 
pops the high- and low-order 
bytes of the PC successively 
from the stack, 
and restores 


the interrupt 
logic to accept 
additional 
interrupts 
at the same 
priority 
level as the one just 


processed. 
The Stack Pointer 
is left decremented 
by two. No other 
registers 
are affected; 
the 


PSW is not automatically 
restored 
to its pre-interrupt 
status. 
Program 
execution 
continues 
at 


the resulting 
address, 
which 
is generally 
the instruction 
immediately 
after the point 
at which 
the interrupt 
request 
was detected. 
If a lower- or same-level 
interrupt 
had been pending 
when 
the RETI 
instruction 
is executed, 
that 
one instruction 
will be executed 
before 
the pending 


interrupt 
is processed. 


Example: 
The 
Stack 
Pointer 
originally 
contains 
the value OBR. An interrupt 
was detected 
during 
the 


instruction 
ending 
at location 
0122R. 
Internal 
RAM 
locations 
OAR 
and 
OBR contain 
the 


values 23R and OIR, respectively. 
The instruction, 


Bytes: 


Cycles: 
2 


Encoding: 
I 0 0 
1 1 I 0 0 
1 0 I 


Operation: 
RETI 
(PCIS-S) +- «SP» 
(SP) +- (SP) 
- 
I 
(PC7-0) +- «SP» 
(SP) +- (SP) 
- 
I 


Function: 


Description: 


Rotate Accumulator Left 


The eight bits in the Accumulator are rotated one bit to the left. Bit 7 is rotated into the bit 0 
position. No flags are affected. 


The Accumulator holds the value OC5H (llOOOlOlB). The instruction, 


Bytes: 


Cycles: 


Encoding: 
I 0 0 1 0 I 0 0 1 1 I 


Operation: 
RL 
(An + I) +- (An) 
n = 0 - 
6 
(AO) +- (A7) 


Function: 


Description: 


Rotate Accumulator Left through the Carry flag 


The eight bits in the Accumulator and the carry flag are together rotated one bit to the left. Bit 
7 moves into the carry flag; the original state of the carry flag moves into the bit 0 position. No 
other flags are affected. 


The Accumulator holds the value OC5H (1100010IB), and the carry is zero. The instruction, 


Bytes: 


Cycles: 


Encoding: 
I 0 0 1 1 I 0 0 1 1 I 


RLC 
(An + I) +- (An) 
n = 0 - 
6 
(AO) +- (C) 
(C) +- (A7) 


inter 


Function: 
Rotate Accumulator Right 


Description: 
The eight bits in the Accumulator are rotated one bit to the right. Bit 0 is rotated into the bit 7 
position. No flags are affected. 


Example: 
The Accumulator holds the value OC5H (I 1000101B). The instruction, 


Bytes: 


Cycles: 


Encoding: 
I 0 0 0 0 I 0 0 1 1 I 


Operation: 
RR 
(An) - 
(An + I) 
n = 0 - 
6 
(A7) - 
(AO) 


Function: 
Rotate Accumulator Right through Carry flag 


Description: 
The eight bits in the Accumulator and the carry flag are together rotated one bit to the right. 
Bit 0 moves into the carry flag; the original value of the carry flag moves into the bit 7 
position. No other flags are affected. 


Example: 
The Accumulator holds the value OC5H (I 1000101B), the carry is zero. The instruction, 


Bytes: 


Cycles: 


Encoding: 
I 0 0 0 1 I 0 0 1 1 I 


Operation: 
RRC 
(An) - 
(An + I) 
n = 0 - 
6 
(A7) - 
(C) 
(C) - 
(AO) 


inter 


Function: 
Set Hit 


Description: 
SETH 
sets the 
indicated 
bit to one. 
SETH 
can 
operate 
on the 
carry 
flag or any 
directly 


addressable 
bit. No other 
flags are affected. 


Example: 
The carry flag is cleared. 
Output 
Port 
I has been written 
with the value 34H (OOIIOIOOH). The 


instructions, 


Bytes: 


Cycles: 


Encoding: 
I 1 1 0 1 I 0 0 1 1 I 


Operation: 
SETH 
(C) +- I 


SETB bit 


Bytes: 
2 


Cycles: 


Encoding: 
I 1 1 0 1 I 0 0 1 0 I 


Operation: 
SETH 
(bit) +- I 


I bit address I 


Function: 
Short Jump 


Description: 
Program control branches unconditionally to the address indicated. The branch destination is 
computed by adding the signed displacement in the second instruction byte to the PC, after 
incrementing the PC twice. Therefore, the range of destinations allowed is from 128 bytes 
preceding this instruction to 127 bytes following it. 


Example: 
The label "RELADR" 
is assigned to an instruction at program memory location 0123H. The 


instruction, 


will assemble into location OlOOH.After the instruction is executed, the PC will contain the 
value 0123H. 


(Note: Under the above conditions the instruction following SJMP will be at 102H. Therefore, 
the displacement byte of the instruction will be the relative offset (OI23H-0102H) = 21H. Put 
another way, an SJMP with a displacement of OFEH would be a one-instruction infinite loop.) 


Bytes: 
2 


Cycles: 
2 


Encoding: 
I 1 0 0 0 I 0 0 0 0 I 
I reI. address 
I 


SJMP 
(PC) .- 
(PC) + 2 
(PC) .- 
(PC) + rei 


inter 


Function: 


Description: 


Subtract with borrow 


SUBB subtracts the indicated variable and the carry flag together from the Accumulator, 
leaving the result in the Accumulator. SUBB sets the carry (borrow) flag if a borrow is needed 
for bit 7, and clears C otherwise. (If C was set before executing a SUBB instruction, this 
indicates that a borrow was needed for the previous step in a multiple precision subtraction, so 
the carry is subtracted from the Accumulator along with the source operand.) AC is set if a 
borrow is needed for bit 3, and cleared otherwise. OV is set if a borrow is needed into bit 6, but 
not into bit 7, or into bit 7, but not bit 6. 


When subtracting signed integers OV indicates a negative number produced when a negative 
value is subtracted from a positive value, or a positive result when a positive number is 
subtracted from a negative number. 


The source operand allows four addressing modes: register, direct, register-indirect, or imme- 
diate. 


The Accumulator holds OC9H (1IOOIOOIB),register 2 holds 54H (OI010100B), and the carry 
flag is set. The instruction, 


will leave the value 74H (01I 10IOOB)in the accumulator, with the carry flag and AC cleared 
but OV set. 


Notice that OC9H minus 54H is 75H. The difference between this and the above result is due 
to the carry (borrow) flag being set before the operation. If the state of the carry is not known 
before starting a single or multiple-precision subtraction, it should be explicitly cleared by a 
CLR C instruction. 


SUBB 
A,Rn 


Bytes: 


Cycles: 


Encoding: 
I 1 0 0 1 I 1 r r r I 


Operation: 
SUBB 
(A) -- 
(A) - 
(C) - 
(Rn) 


inter 


SUBB 
A,dlrect 


Bytes: 
2 


Cycles: 


Encoding: 
11 
0 0 1 I 0 1 0 1 I 
direct address 
I 


Operation: 
SUBB 
(A) - 
(A) - 
(C) - 
(direct) 


SUBB 
A,@RI 


Bytes: 


Cycles: 


Encoding: 
I 1 0 0 1 I 0 1 1 i I 


Operation: 
SUBB 
(A)- 
(A) - 
(C) - 
«Ri» 


SUBB 
A,#data 


Bytes: 
2 


Cycles: 


Encoding: 
11 
0 0 1 I 0 1 0 0 I 
immediate data I 


Operation: 
SUBB 
(A) - 
(A) - 
(C) - 
#data 


Function: 
Swap nibbles within the Accumulator 


Descr.lptlon: 
SWAP A interchanges the low- and high-order nibbles (four-bit fields) of the Accumulator 
(bits 3-0 and bits 7-4). The operation can also be thought of as a four-bit rotate instruction. No 
flags are affected. 


Example: 
The Accumulator holds the value OC5H (1I000lOlB). The instruction, 


Bytes: 


Cycles: 


Encoding: 
I 1 1 0 0 I 0 1 0 0 I 


Operation: 
SWAP 
(A3-O) ~ 
(A7-4) 


inter 


Function: 
Exchange Accumulator with byte variable 


Description: 
XCH loads the Accumulator with the contents of the indicated variable, at the same time 
writing the original Accumulator contents to the indicated variable. The source/destination 
operand can use register, direct, or register-indirect addressing. 


Example: 
RO contains the address 20H. The Accumulator holds the value 3FH (OOIIIIIIB). 
Internal 
RAM location 20H holds the value 75H (OllIOIOIB). The instruction, 


will leave RAM location 20H holding the values 3FH (OOlllllIB) 
and 75H (OllIOIOIB) in 
the accumulator. 


XCH 
A,Rn 


Bytes: 


Cycles: 


Encoding: 
11 
1 0 0 I 1 r r r I 


Operation: 
XCH 
(A) ~ 
(Rn) 


XCH 
A,dlrect 


Bytes: 
2 


Cycles: 


Encoding: 
11 
100101 
o 1 I 
I direct address I 


Operation: 
XCH 
(A) ~ 
(direct) 


XCH 
A,@RI 


Bytes: 


Cycles: 


Encoding: 
1110010 
1 1 


Operation: 
XCH 
(A) ~ 
«Ri» 


Function: 
Exchange Digit 


Description: 
XCHD exchanges the low-order nibble of the Accumulator (bits 3-0), generally representing a 
hexadecimal or BCD digit, with that of the internal RAM location indirectly addressed by the 
specified register. The high-order nibbles (bits 7-4) of each register are not affected. No flags 
are affected. 


Example: 
RO contains the address 20H. The Accumulator holds the value 36H (001101lOB). Internal 
RAM location 20H holds the value 75H (01I10IOlB). The instruction, 


will leave RAM location 20H holding the value 76H (OlllOllOB) and 35H (OOllOlOlB) in the 
Accumulator. 


Bytes: 


Cycles: 


Encoding: 
I 1 1 0 1 I 0 1 1 


Operation: 
XCHD 


(A3-O) 
~ «Ri3-O» 


Function: 


Description: 


Logical Exclusive-OR for byte variables 


XRL performs the bitwise logical Exclusive-OR operation between the indicated variables, 
storing the results in the destination. No flags are affected. 


The two operands allow six addressing mode combinations. When the destination is the Accu- 
mulator, the source can use register, direct, register-indirect, or immediate addressing; when 
the destination is a direct address, the source can be the Accumulator or immediate data. 


(Note: When this instruction is used to modify an output port, the value used as the original 
port data will be read from the output data latch, not the input pins.) 


If the Accumulator holds OC3H (llOOOOllB) and register 0 holds OAAH (lOlOlOIOB) then 
the instruction, 


When the destination is a directly addressed byte, this instruction can complement combina- 
tions of bits in any RAM location or hardware register. The pattern of bits to be complement- 
ed is then determined by a mask byte, either a constant contained in the instruction or a 
variable computed in the Accumulator at run-time. The instruction, 


inter 


XRL 
A,Rn 


Bytes: 


Cycles: 


Encoding: 
1011011 
r r r 


Operation: 
XRL 
(A) +- (A) ¥ (Rn) 


XRL 
A,dlrect 


Bytes: 
2 


Cycles: 


Encoding: 
101 
1010101 
I direct address 1 


Operation: 
XRL 
(A) +- (A) ¥ (direct) 


XRL 
A,@RI 


Bytes: 


Cycles: 


Encoding: 
101 
10lO11i 


Operation: 
XRL 
(A) +- (A) ¥ «Ri» 


XRL 
A,# data 


Bytes: 
2 


Cycles: 


Encoding: 
10110 
I 0 1 o 0 
I immediate data I 


Operation: 
XRL 
(A) +- (A) ¥ #data 


XRL 
dlrect,A 


Bytes: 
2 


Cycles: 


Encoding: 
10110 
I 001 
0 1 
1 direct address I 


Operation: 
XRL 
(direct) +- (direct) ¥ (A) 


XRL 
direct, # data 


Bytes: 
3 


Cycles: 
2 


Encoding: 
I 0 1 1 0 I 0 0 1 1 I 


Operation: 
XRL 
(direct) +- (direct) ¥ #data 


direct address I 
I immediate 
data I 
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USING THE INTEL MCS®·51 
BOOLEAN PROCESSING 
CAPABILITIES 


The Intel microcontroller 
family now has three new 
members: the Intel@ 8031, 8051, and 8751 single-chip 
microcomputers. These devices, shown in Figure I, will 
allow whole new classes of products to benefit from 
recent advances in Integrated Electronics. Thanks to 
Intel's new HMOS technology, they provide larger pro- 
gram and data memory spaces, more flexible I/O and 
peripheral capabilities, greater speed, and lower system 
cost than any previous-generation 
single-chip micro- 
computer. 


Pl.0 
- 
- vcc 


Pl.l 
- 
- 
PO.O 


Pl.2 
- 
- 
PO.l 


Pl.3 
- 
- 
PO.2 
pu- 
- 
PO.3 


Pl.S 
- 
- 
PO.4 


Pl.6 
- 
- 
PO.S 


Pl.1- 
- 
PO.6 


RST 
- 
- 
PO.1 


P3.0/RXD 
- 
- 
VPP/EA 


P3.lITXD 
- 
- 
moG/ALE 


P3.2/iNrO 
- 
- 
PSEN 


P3.3/1NTI- 
- 
P2.1 


P3.4/TO 
- 
- 
P2.6 


P3.S/TI 
- 
- 
P2.S 


P3.6/WR 
- 
- 
P2.4 


P3.1/RO 
- 
- 
P2.3 


XTAl2 
- 
- 
P2.2 


XTAll 
- 
- 
P2.1 


vss - 
- 
P2.0 


Table I summarizes the quantitative 
differences be- 
tween the members of the MCS@-48and 8051 families. 
The 8751 contains 4K bytes of EPROM program mem- 
ory fabricated on-chip, while the 8051 replaces the 
EPROM 
with 
4K 
bytes 
of 
lower-cost 
mask- 
programmed ROM. The 8031 has no program memory 
on-chip; instead, it accesses up to 64K bytes of program 
memory from external memory. Otherwise, the three 
new family members are identical. Throughout 
this 


Note, the term "8051" will represent all members of the 
8051 Family, unless specifically stated otherwise. 


The CPU in each microcomputer is one of the indus- 
try's fastest and most efficient for numerical calcula- 
tions on byte operands. But controllers often deal with 
bits, not bytes: in the real world, switch contacts can 
only be open or closed, indicators should be either lit or 
dark, motors are either turned on or off, and so forth. 
For such control situations the most significant aspect 
of the MCS@-51 architecture is its complete hardware 
support for one-bit, or Boolean 
variables (named in 
honor of Mathematician George Boole) as a separate 
data type. 


The 8051 incorporates a number of special features 
which support the direct manipulation and testing of 
individual bits and allow the use of single-bit variables 
in performing logical operations. Taken together, these 
features are referred to as the MCS-51 Boolean Proces- 
sor. While the bit-processing capabilities alone would be 
adequate to solve many control applications, their true 
power comes when they are used in conjunction with 
the microcomputer's byte-processing and numerical ca- 
pabilities. 


Many concepts embodied by the Boolean Processor will 
certainly be new even to experienced microcomputer 
system designers. The purpose of this Application Note 
is to explain these concepts and show how they are 
used. 


For detailed information on these parts refer to the 
Intel 
Microcontroller 
Handbook, 
order 
number 


210918. The instruction set, assembly language, and use 
of the 8051 assembler (ASM51) are further described in 
the MCS@·51 Macro Assembler User's Guide for DOS 
Systems, order number 122753. 


EPROM 
ROM 
External 
Program 
Data 
Instr. 
Input/ 
Interrupt 
Reg. 
Program 
Program 
Program 
Memory 
Memory 
Cycle 
Output 
Memory 
Memory 
Memory 
(Int/Max) 
(Bytes) 
Time 
Pins 
Sources 
Banks 


8748 
8048 
8035 
1K4K 
64 
2.5/-Ls 
27 
2 
2 
- 
8049 
8039 
2K4K 
128 
1.36/-Ls 
27 
2 
2 
8751 
8051 
8031 
4K64K 
128 
1.0/-Ls 
32 
5 
4 


inter 


2.0 
BOOLEAN 
PROCESSOR 
OPERATION 


The Boolean Processing capabilities of the 8051 are 
based on concepts which have been around for some 
time. Digital computer systems of widely varying de- 
signs all have four functional elements in common (Fig- 
ure 2): 
• a central processor (CPU) with the control, timing, 
and logic circuits needed to execute stored instruc- 
tions: 
• a memory to store the sequence of instructions mak- 
ing up a program or algorithm: 


• data memory to store variables used by the pro- 
gram: 
and 
• some means of communicating 
with the outside 
world. 


The CPU usually includes one or more accumulators or 
special registers for computing or storing values during 
program 
execution. 
The instruction 
set of such a 
processor generally includes, at a minimum, operation 
classes to perform arithmetic or logical functions on 
program variables, move variables from one place to 
another, cause program execution to jump or condi- 
tionally branch based on register or variable states, and 
instructions to call and return from subroutines. The 
program and data memory functions sometimes share a 
single memory space, but this is not always the case. 
When the address spaces are separated, program and 
data memory need not even have the same basic word 
width. 


A digital computer's 
flexibility comes in part from 
combining simple fast operations to produce more com- 


CENTRAL 
PROCESSING 
UNIT 


plex (albeit slower) ones, which in turn link together 
eventually solving the problem at hand. A four-bit CPU 
executing multiple precision subroutines can, for exam- 
ple, perform 64-bit addition and subtraction. The sub- 
routines could in turn be building blocks for floating- 
point multiplication and division routines. Eventually, 
the four-bit CPU can simulate a far more complex "vir- 
tual" machine. 


In fact, any digital computer with the above four func- 
tional elements can (given time) complete any algo- 
rithm (though the proverbial room full of chimpanzees 
at word processors might first re-create Shakespeare's 
classics and this Application Note)! This fact offers lit- 
tle consolation to product designers who want pro- 
grams to run as quickly as possible. By defmition, a 
real-time 
control 
algorithm 
must 
proceed 
quickly 


enough to meet the preordained speed constraints of 
other equipment. 


One of the factors determining how long it will take a 
microcomputer to complete a given chore is the num- 
ber of instructions it must execute. What makes a given 
computer architecture particularly well- or poorly-suit- 
ed for a class of problems is how well its instruction set 
matches the tasks to be performed. The better the 
"primitive" operations correspond to the steps taken by 
the control algorithm, the lower the number of instruc- 
tions needed, and the quicker the program will run. All 
else being equal, a CPU supporting 64-bit arithmetic 
directly could clearly perform floating-point math fast- 
er than a machine bogged-down by multiple-precision 
sUbr?utin~. 
In the same way, direct support for bit 


manipulatIOn naturally 
leads to more efficient pro- 


grams handling the binary input and output conditions 
inherent in digital control problems. 


INPUTI 
OUTPUT 
PORTS 


The introduction stated that the 8051's bit-handling ca- 
pabilities alone would be sufficient to solve some con- 
trol applications. Let's see how the four basic elements 
of a digital computer-a 
CPU with associated registers, 
program memory, addressable data RAM, and I/O ca- 
pability-relate 
to Boolean variables. 


CPU. The 8051 CPU incorporates special logic devoted 
to executing several bit-wide operations. All told, there 
are 17 such instructions, 
all listed in Table 2. Not 
shown are 94 other (mostly byte-oriented) 8051 instruc- 
tions. 


Program Memory. 
Bit-processing 
instructions 
are 
fetched from the same program memory as other arith- 
metic and logical operations. In addition to the instruc- 


Table 2. MCS-51™ 
Boolean 
Processing 
Instruction 
Subset 


Mnemonic 
Description 
Byte 
Cyc 


SETB 
C 
Set Carry flag 
1 
1 
SETB 
bit 
Set direct Bit 
2 
1 
CLR 
C 
Clear Carry flag 
1 
1 
CLR 
bit 
Clear direct bit 
2 
1 
CPL 
C 
Complement Carry flag 
1 
1 
CPL 
bit 
Complement direct bit 
2 
1 


MOV 
C.bit 
Move direct bit to Carry flag 
2 
1 
MOV 
bit.C 
Move Carry flag to direct bit 
2 
2 


ANL 
C.bit 
AND direct bit to Carry flag 
2 
2 
ANL 
C.bit 
AND complement of direct 
2 
2 
bit to Carry flag 
ORL 
C.bit 
OR direct bit to Carry flag 
2 
2 
ORL 
C.bit 
OR complement of direct 
2 
2 
bit to Carry flag 


JC 
rei 
Jump if Carry is flag is set 
2 
2 
JNC 
rei 
Jump if No Carry flag 
2 
2 
JB 
bit.rel 
Jump if direct Bit set 
3 
2 
JNB 
bit.rel 
Jump if direct Bit Not set 
3 
2 
JBC 
bit.rei 
Jump if direct Bit is set & 
3 
2 
Clear bit 


Address mode abbreviations 


C--Carry flag. 
bit-128 
software flags, any I/O pin, control or status 
bit. 
rei-Ail 
conditional 
jumps include an 8-bit offset byte. 
Range is + 127 -128 
bytes relative to first byte of the 
following instruction. 


tions of Table 2, several sophisticated program control 
features like multiple addressing modes, subroutine 
nesting, and a two-level interrupt structure are useful in 
structuring Boolean Processor-based programs. 


Boolean instructions are one, two, or three bytes long, 
depending on what function they perform. Those in- 
volving only the carry flag have either a single-byte 
opcode or an opcode followed by a conditional-branch 
destination byte (Figure 3a). The more general instruc- 
tions add a "direct address" byte after the opcode to 
specify the bit affected, yielding two or three byte en- 
codings (Figure 3b). Though this format allows poten- 
tially 256 directly addressable bit locations, not all of 
them are implemented in the 8051 family. 


I opcode 
I 


SETBC 
CLAC 
CPLC 


I displacement 
I 


JC 
JNC 


opcode I I 
bit address 


SETB 
bit 
CLA 
bit 
CPL 
bit 
ANLC, 
bit 
ANL C,/ 
bit 


OALC, 
bit 
OAL C,/ 
bit 


MOVC, 
bit 
MOV 
bit,C 


opcode 
I I 
bit address 
I displacement 
I 


JB 
bit, 
rei 
JNB 
bit, 
rei 
JBC 
bit, 
rei 


intJ 


DlrKl 
all Add•••••• 
Hardwa •• 


RAM 
I~l. 
Regl,te, 


Iyl. 
(MSI) 
(LSI) 
Add•••• (MSI) 
(LSI) 
Symbol 


7FH4: 
4:: 
OFFH 


OFOH 
F7 I F8 I F5 I F4 I F3 I F2 I Fl I FO 
I 


- 


2FH 
7F 
7E 
7D 
7C 
71 
7A 
79 
78 


2EH 
n 
78 
75 
74 
73 
72 
71 
70 
OEOH 
E7 I E8 I E5 I E4 I E3 I E2 I El I EO 
ACC 


2DH 
8F 
8E 
8D 
8C 
81 
8A 
89 
88 


2CH 
87 
88 
85 
84 
83 
82 
81 
80 
ODOH 
D7 i D6 I D5 I D4 I D3 I D2 I Dl I DO 
PSW 


21H 
5F 
5E 
5D 
5C 
51 
5A 
5. 
58 


2AH 
57 
58 
55 
54 
53 
52 
51 
50 
018H 
- I - I - 
IIC I II I IA I a. 
118 
IP 


2.H 
4F 
4E 
4D 
4C 
41 
4A 
4. 
48 


28H 
47 
48 
45 
44 
43 
42 
41 
40 
OIOH 
17 I 18 I 15 I 14 I 13 I 12 I II 
lID 
P3 


27H 
3F 
3E 
3D 
3C 
31 
3A 
3. 
38 


28H 
37 
38 
35 
34 
33 
32 
31 
30 
. OA8H 
AF I - I - I AC I AI I AA I A9 I A8 
IE 


25H 
2F 
2E 
2D 
2C 
21 
2A 
29 
28 


24H 
27 
28 
25 
24 
23 
22 
21 
20 
OAOH 
A7 I A8 I A5 I A4 I A3 I A2 IA1 IAD 
P2 


23H 
IF 
IE 
lD 
lC 
II 
lA 
18 
18 


22H 
17 
18 
15 
14 
13 
12 
11 
10 
98H 
'F 
I.E 
I·D 
'.cl·119A 
I" I" 
SCON 


21H 
OF 
DE 
OD 
DC 
01 
OA 
ot 
08 


20H 
07 
06 
05 
04 
03 
02 
01 
00 
90H 
.71911.51"/931.21., 
190 
PI 


1FH 


18H 
aank 3 


17H 
8F I 8E 
18D 
18C I 81 I 8A I 89 188 
lank 2 
88H 
TCON 
10H 
OFH 


OSH 
lank 1 


07H 
80H 
87 I 88 I 85 I 84 I 83 I 82 I 81 180 
lank 0 
PO 


00 


270656-3 


a.) RAM Bit Addresses 
b.) Special Function Register Bit Addresses 


Data Memory. The instructions in Figure 3b can oper- 
ate directly upon 144 general purpose bits forming the 
Boolean processor "RAM." These bits can be used as 
software flags or to store program variables. Two oper- 
and instructions use the CPU's carry flag ("C") as a 
special one-bit register: in a sense, the carry is a "Boole- 
an accumulator" for logical operations and data trans- 
fers. 


Input/Output. 
All 32 I/O pins can be addressed as indi- 
vidual inputs, outputs, or both, in any combination. 
Any pin can be a control strobe output, status (Test) 
input, or serial I/O link implemented via software. An 
additional 33 individually addressable bits reconfigure, 
control, and monitor the status of the CPU and all on- 
chip peripheral functions (timer counters, serial port 
modes, interrupt logic, and so forth). 


inter 


Overflow flag. 
Set/cleared by hardware dur- 
ing arithmetic instructions to 
indicate overflow conditions. 
(reserved) 
Parity flag. 
Set/ cleared by hardware each 
instruction cycle to indicate an 
odd/even 
number of 
"one" 
bits in the accumulator, Le., 
even parity. 


the contents of (RS1, RSO) " 
enable the working 
register 
banks as follows: 
(0,0) - Bank 0 
(00H-07H) 
(0,1) - Bank 1 
(08H-OFH) 
(1,0)-Bank2 
(10H-17H) 
(1,1)-Bank3 
(18H-1FH) 


Symbol 
Position 
Name and Significance 
CY 
PSW.7 
Carry flag. 
Set/ cleared 
by 
hardware or 
software during certain arith- 
metic and logical instructions. 
AC 
PSW.6 
Auxiliary Carry flag. 
Set/cleared 
by hardware dur- 
ing addition or subtraction in- 
structions to indicate carry or 
borrow out of bit 3. 
FO 
PSW.5 
Flag O. 
Set/cleared/tested 
by 
soft- 
ware as a user-defined status 
flag. 
RS1 
PSWA 
Register bank Select control 
bits. 
RSO 
PSW.3 
1 & O.Set/cleared by software 
to determine working register 
bank (see Note). 


Figure 5. PSW-Program 
Status Word Organization 


PSW.1 
PSW.O 


Interrupt 1 input pin. 
Low-level or falling-edge trig- 
gered. 
Interrupt 0 input pin. 
Low-level or falling-edge trig- 
gered. 
Transmit Data pin for serial 
port in UART mode. Clock out- 
put in shift register mode. 
Receive Data pin for serial 
port in UART mode. Data I/O 
pin in shift register mode. 


Symbol 
Position 
Name and Significance 
RD 
P3.7 
Read data control output. 
Active low pulse generated by 
hardware when external data 
memory is read. 


WR 
P3.6 
Write data control output. 
Active low pulse generated by 
hardware when external data 
memory is written. 
T1 
P3.5 
Timer/counter 1"external input 
or test pin. 


TO 
P3A 
Timer/counter 0 external input 
or test pin. 


Figure 6. P3-Alternate 
I/O Functions 
of Port 3 


The most significant bit of the direct address byte se- 
lects one of two groups of bits. Values between 0 and 
127 (OOHand 7FH) define bits in a block of 32 bytes of 
on-chip RAM, between RAM addresses 20H and 2FH 
(Figure 4a). They are numbered consecutively from the 
lowest-order byte's lowest-order bit through the high- 
est-order byte's highest-order bit. 


Bit addresses between 128 and 255 (80H and OFFH) 
correspond to bits in a number of special registers, 
mostly used for I/O or peripheral control. These posi- 
tions are numbered with a different scheme than RAM: 
the five high-order address bits match those of the reg- 
ister's own address, while the three low-order bits iden- 
tify the bit position within that register (Figure 4b). 


Notice the column labeled "Symbol" in Figure 5. Bits 
with special meanings in the PSW and other registers 
have corresponding symbolic names. General-purpose 
(as opposed to carry-specific) instructions may access 
the carry like any other bit by using the mnemonic CY 
in place of C, PO, PI, P2, and P3 are the 8051's four 
I/O ports: secondary functions assigned to each of the 
eight pins of P3 are shown in Figure 6. 


Figure 7 shows the last four bit addressable registers. 
TCON (Timer Control) and SCON (Serial port Con- 
trol) control and monitor the corresponding peripher- 
als, while IE (Interrupt Enable) and IP (Interrupt Pri- 
ority) enable and prioritize the five hardware interrupt 
sources. Like the reserved hardware register addresses, 


the five bits not implemented in IE and IP should not 
be accessed: they can not be used as software flags. 


Addressable 
Register 
Set. There are 20 special function 
registers in the 8051, but the advantages of bit address- 
ing only relate to the II described below. Five poten- 
tially bit-addressable register addresses (OCOH,OC8H, 
OD8H, OE8H, & OF8H) are being reserved for possible 
future 
expansion 
in microcomputers 
based on the 
MCS-51 architecture. Reading or writing non-existent 
registers in the 8051 series is pointless, and may cause 
unpredictable results. Byte-wide logical operations can 
be used to manipulate bits in all non-bit addressable 
registers and RAM. 


TCON.3 Interrupt1 Edgeflag. 


Set by hardware when exter- 
nal interrupt edge detected. 


Symbol Position Nameand Significance 
Cleared when interrupt pro- 


TF1 
TCON.7 Timer 1 overflow Flag. 
cessed. 


Set by hardware on timer/ 
IT1 
TCON.2 Interrupt1 Typecontrol bit. 


counter 
overflow. 
Cleared 
Set/cleared 
by software to 
when interrupt processed. 
specify falling edge/low level 
TCON.6 Timer 1 Runcontrol bit. 
triggered external interrupts. 
Set/cleared by softwareto turn 
IEO 
TCON.1 Interrupt0 Edgeflag. 
timer/counter on/off. 
Set by hardware when exter- 
TCON.5 Timer0 overflowFlag. 
nal interrupt edge detected. 
Set by hardware on timer/ 
Cleared when interrupt pro- 


counter 
overflow. 
Cleared 
cessed. 


when interrupt processed. 
ITO 
TCON.O Interrupt0 Type control bit. 


TCONA Timer0 Runcontrol bit. 
Set/cleared 
by software to 
Set/cleared by softwareto turn 
specify falling edge/low level 
timer/counter on/off. 
triggered external interrupts. 
a.) TCON-Tlmer/Counter 
Control/Status Register 


Symbol Position Nameand Significance 
SMO 
SCON.7 Serialport Modecontrol bit O. 
Set/cleared by software (see 
note). 


SM1 
SCON.6 Serialport Modecontrol bit 1. 
Set/cleared by software (see 
note). 


SM2 
SCON.5 Serialport Modecontrol bit 2. 
Set by software to disable re- 
ception of frames for which bit 
8 is zero. 
REN 
SCONA ReceiverEnablecontrol bit. 


Set/cleared by software to en- 
able/disable serial data recep- 
tion. 


TB8 
SCON.3 TransmitBit 8. 
Set/cleared by hardwareto de- 
termine state of ninth data bit 
transmitted 
in 
9-bit 
UART 
mode. 


SCON.2 ReceiveBit 8. 


Set/cleared by hardwareto in- 
dicate state of ninth data bit 
received. 


SCON.1 TransmitInterruptflag. 


Set by hardware when byte 
transmitted. Cleared by soft- 
ware after servicing. 


SCON.O ReceiveInterruptflag. 
Set by hardwarewhen byte re- 
ceived. Cleared by software 
after servicing. 


Note- 
the state of (SMO,SM1) 
selects: 
(O,O)-Shift registerI/O 
expansion. 
(O,1)-8-bit UART,variable 
data rate. 
(1,O)-9-bit UART,fixed data 
rate. 
(1,1)-9-bit UART,variable 
data rate. 


b.) SCON-Serial Port Control/Status Register 


Figure 7. Peripheral Configuration Registers 


inter 


Enable Serial port control bit. 
Set! cleared by software to en- 
able/disable interrupts from TI 
or AI flags. 
Enable Timer 1 control bit. 
Set! cleared by software to en- 
able/disable 
interrupts 
from 
timer/counter 1. 
c.) IE-Interrupt 
Enable Register 


Symbol 
Position 
Name and Significance 
EA 
IE7 
Enable All control bit. 
Cleared by software to disable 
all interrupts, independent of 
the state of IEA-IEO. 
(reserved) 
IE6 
IE5 
lEA 


Enable 
External 
interrupt 
1 


control 
bit. 
Set! cleared 
by 


software to enable/disable in- 
terrupts from INT1. 
Enable Timer 0 control bit. 
Set! cleared by software to en- 
able/disable 
interrupts 
from 
timer/counter O. 
Enable 
External 
interrupt 
0 
control 
bit. 
Set! cleared 
by 


software to enable/disable in- 
terrupts from INTO. 


Symbol 
Position 
Name and Significance 
PX1 
IP.2 
External 
interrupt 
1 
Priority 
IP.7 
(reserved) 
control 
bit. 
Set!cleared 
by 


IP.6 
(reserved) 
software to specify high/low 
IP.5 
(reserved) 
priority interrupts for INn. 
PS 
IP.4 
Serial port Priority control bit. 
PTO 
IP.1 
Timer 0 Priority control bit. 


Set! cleared 
by 
software 
to 
Set! cleared 
by 
software 
to 
specify high/low priority inter- 
specify high/low priority inter- 
rupts for Serial port. 
rupts for timer/counter O. 


PT1 
IP.3 
Timer 1 Priority control bit. 
PXO 
IP.O 
External 
interrupt 
0 
Priority 


Set! cleared 
by 
software 
to 
control 
bit. 
Set! cleared 
by 


specify high/low priority inter- 
software to specify high/low 


rupts for timer/counter 1. 
priority interrupts for INTO. 


d.) IP-Interrupt 
Priority Control 
Register 


Figure 7. Peripheral 
Configuration 
Registers 
(Continued) 


The accumulator and B registers (A and B) are normal- 
ly involved in byte-wide arithmetic, but their individual 
bits can also be used as 16 general software flags. Add- 
ed with the 128 flags in RAM, this gives 144 general 
purpose variables for bit-intensive programs. The pro- 
gram status word (PSW) in Figure 5 is a collection of 
flags and machine status bits including the carry flag 
itself. Byte operations acting on the PSW can therefore 
affect the carry. 


Having looked at the bit variables available to the Boo- 
lean Processor, we will now look at the four classes of 


instructions that manipulate these bits. It may be help- 
ful to refer back to Table 2 while reading this section. 


State Control. Addressable bits or flags may be set, 
cleared, or logically complemented in one instruction 
cycle with the two-byte instructions SETB, CLR, and 
CPL. (The "B" affixed to SETB distinguishes it from 
the assembler "SET" directive used for symbol defini- 
tion.) SETB and CLR are analogous to loading a bit 
with a constant: I or O.Single byte versions perform the 
same three operations on the carry. 


The MCS-5l assembly language specifies a bit address 
in any of three ways: 
• by a number or expression corresponding to the di- 


rect bit address (0-255): 


• by the name or address of the register containing the 


bit, the dot operator symbol (a period: "."), and the 
bit's position in the register (7-0): 


• in the case of control and status registers, by the 


predefined assembler symbols listed in the first col- 
umns of Figures 5-7. 


Bits may also be given user-defined names with the as- 
sembler "BIT" directive and any of the above tech- 
niques. For example, bit 5 of the PSW may be cleared 
by any of the four instructions. 


USR_FLG 
BIT 
PSW.5 
; User Symbol Definition 


CLR 
OD5H 
Absolute 
Addressing 
CLR 
PSW.5 
Use of Dot Operator 


CLR 
FO 
Pre-Defined 
Assembler 
Symbol 


CLR 
USR_FLG 
User-Defined 
Symbol 


Data 
Transfers. 
The two-byte MOV instructions can 


transport any addressable bit to the carry in one cycle, 
or copy the carry to the bit in two cycles. A bit can be 
moved between two arbitrary locations via the carry by 
combining the two instructions. (If necessary, push and 
pop the PSW to preserve the previous contents of the 
carry.) These instructions can replace the multi-instruc- 
tion sequence of Figure 8, a program structure appear- 
ing in controller applications whenever flags or outputs 
are conditionally switched on or off. 


ISOLATE 
SOURCE 
BIT 


SET 


DESTINATION 


BIT 


CLEAR 
DESTINATION 
BIT 


Logical 
Operations. 
Four instructions perform the logi- 


cal-AND and logical-OR operations between the carry 
and another bit, and leave the results in the carry. The 
instruction mnemonics are ANL and ORL; the absence 
or presence of a slash mark ("I") before the source 
operand indicates whether to use the positive-logic val- 
ue or the logical complement of the addressed bit. (The 
source operand itself is never affected.) 


Bit-test 
Instructions. 
The conditional jump instructions 


"JC rel" (Jump on Carry) and "JNC reI" (Jump on 
Not Carry) test the state of the carry flag, branching if 
it is a one or zero, respectively. (The letters "reI" de- 
note relative code addressing.) The three-byte instruc- 
tions "JB bit.rel" and "JNB bit.rel" (Jump on Bit and 
Jump on Not Bit) test the state of any addressable bit in 
a similar manner. A fifth instruction 
combines the 


Jump on Bit and Clear operations. "JBC bit.rel" condi- 
tionally branches to the indicated address, then clears 
the bit in the same two cycle instruction. This operation 
is the same as the MCS-48 "JTF" instructions. 


All 8051 conditional jump instructions 
use program 


counter-relative addressing, and all execute in two cy- 
cles. The last instruction byte encodes a signed dis- 
placement ranging from -128 to + 127. During execu- 
tion, the CPU adds this value to the incremented pro- 
gram counter to produce the jump destination. Put an- 
other way, a conditional jump to the immediately fol- 
lowing instruction would encode OOH in the offset byte. 


A section of program or subroutine written using only 
relative jumps to nearby addresses will have the same 
machine code independent of the code's location. An 
assembled routine may be repositioned anywhere in 
memory, even crossing memory page boundaries, with- 
out having to modify the program or recompute desti- 
nation addresses. To facilitate this flexibility, there is an 
unconditional "Short Jump" (SJMP) which uses rela- 
tive addressing as well. Since a programmer would have 
quite a chore trying to compute relative offset values 
from one instruction to another, ASM51 automatically 
computes the displacement needed given only the desti- 
nation address or label. An error message will alert the 
programmer if the destination is "out of range." 


The so-called "Bit Test" instructions implemented on 
many other microprocessors simply perform the logi- 
cal-AND operation between a byte variable and a con- 
stant mask, and set or clear a zero flag depending on 
the result. This is essentially equivalent to the 8051 
"MOV C.bit" instruction. A second instruction is then 
needed to conditionally branch based on the state of the 
zero flag. This does not constitute abstract bit-address- 
ing in the MCS-51 sense. A flag exists only as a field 


within 
a register: 
to reference 
a bit the 
programmer 
must know and specify both the encompassing 
register 
and the bit's 
position 
therein. 
This constraint 
severely 
limits 
the flexibility 
of symbolic 
bit addressing 
and re- 
duces the machine's 
code-efficiency 
and speed. 


Interaction with Other Instructions. The 
carry 
flag is 
also affected 
by the instructions 
listed in Table 3. It can 
be rotated 
through 
the accumulator, 
and altered 
as a 
side effect of arithmetic 
instructions. 
Refer 
to the Us- 
er's Manual 
for details 
on how these instructions 
oper- 
ate. 


By combining 
general 
purpose 
bit operations 
with cer- 
tain 
addressable 
bits, 
one can 
"custom 
build" 
several 
hundred 
useful instructions. 
All eight bits of the PSW 
can 
be tested 
directly 
with 
conditional 
jump 
instruc- 
tions to monitor 
(among 
other 
things) 
parity 
and over- 
flow status. 
Programmers 
can 
take 
advantage 
of 128 
software 
flags 
to keep 
track 
of operating 
modes, 
re- 
source 
usage, and so forth. 


The 
Boolean 
instructions 
are 
also 
the 
most 
efficient 
way to control 
or reconfigure 
peripheral 
and I/O 
regis- 
ters. All 32 I/O 
lines become 
"test 
pins," 
for example, 
tested by conditional 
jump 
instructions. 
Any output 
pin 
can be toggled 
(complemented) 
in a single instruction 
cycle. Setting 
or clearing 
the Timer 
Run flags (TRO and 
TRI) 
turn 
the 
timer/counters 
on or off; polIing 
the 
same 
flags elsewhere 
lets the 
program 
determine 
if a 
timer 
is running. 
The 
respective 
overflow 
flags (TFO 
and TFI) 
can be tested 
to determine 
when the desired 
period or count has elapsed, 
then cleared 
in preparation 
for the next repetition. 
(For the record, 
these bits are all 
part 
of the TCON 
register, 
Figure 
7a. Thanks 
to sym- 
bolic bit addressing, 
the programmer 
only needs to re- 
member 
the mnemonic 
associated 
with 
each 
function. 
In other 
words, 
don't 
bother 
memorizing 
control 
word 
layouts.) 


In the 
MCS-48 
family, 
instructions 
corresponding 
to 
some 
of the above 
functions 
require 
specific 
opcodes. 
Ten 
different 
opcodes 
serve 
to clear 
complement 
the 
software 
flags 
FO and 
FI, 
enable/disable 
each 
inter- 
rupt, 
and start/stop 
the timer. 
In the 805 I instruction 
set, just three opcodes 
(SETB, 
CLR, CPL) with a direct 
bit address 
appended 
perform 
the same functions. 
Two 
test instructions 
(JB and JNB) 
can be combined 
with 
bit addresses 
to test the software 
flags, 
the 
8048 I/O 
pins TO, TI, 
and INT, 
and the eight accumulator 
bits, 
replacing 
15 more different 
instructions. 


Table 
4a shows 
how 
8051 programs 
implement 
soft- 
ware 
flag 
and 
machine 
control 
functions 
associated 
with 
special 
opcodes 
in the 
8048. 
In 
every 
case 
the 
MCS-5 I solution 
requires 
the same number 
of machine 
cycles, 
and executes 
2.5 times faster. 


Table 3. Other Instructions 
Affecting 
the Carry Flag 


Mnemonic 
Description 
Byte 


ADD 
A,Rn 
Add register to 
1 
Accumulator 
ADD 
A,direct 
Add direct byte to 
2 
Accumulator 
ADD 
A,@Ri 
Add indirect RAM to 
Accumulator 
ADD 
A,#data 
Add immediate data 
2 
to Accumulator 
ADDC A,Rn 
Add register to 
Accumulator with 
Carry flag 
ADDC A,direct 
Add direct byte to 
2 
Accumulator with 
Carry flag 
ADDC A,@Ri 
Add indirect RAM to 
Accumulator with 
Carry flag 
ADDC A,#data 
Add immediate data 
2 
to Acc with Carry flag 
SUBB 
A,Rn 
Subtract register from 
Accumulator with 
borrow 
SUBB 
A,direct 
Subtract direct byte 
2 
from Acc with borrow 
SUBB 
A,@Ri 
Subtract indirect RAM 
from Acc with borrow 
SUBB 
A,#data 
Subtract immediate 
2 
data from Acc with 
borrow 
MUL 
AB 
MultiplyA & B 
DIV 
AB 
Divide A byB 
DA 
A 
Decimal Adjust 
Accumulator 


RLC 
A 
Rotate Accumulator 
Left through the Carry 
flag 
RRC 
A 
Rotate Accumulator 
Right through Carry 
flag 


CJNE 
A,direct.rel 
Compare direct byte 
3 
2 
to Acc & Jump if Not 
Equal 
CJNE 
A,#data.rel 
Compare immediate 
3 
2 
to Acc & Jump if Not 
Equal 
CJNE 
Rn, # data. rei 
Compare immed to 
3 
2 
register & Jump if Not 
Equal 
CJNE 
@Ri,#data.rel 
Compare immed to 
3 
2 
indirect & Jump ifNot 
Equal 


All mnemonics 
copyrighted 
@ Intel Corporation 
1980. 


8048 
Bytes 
Cycles 
,...Sec 
8x51 
Bytes 
Cycles & ,...sec 
Instruction 
Instruction 


Flag Control 
CLR 
C 
1 
1 
2.5 
CLR 
C 
1 
1 


CPL 
FO 
1 
1 
2.5 
CPL 
FO 
2 
1 


Flag Testing 
JNC 
offset 
2 
2 
5.0 
JNC 
rei 
2 
2 
JFO 
offset 
2 
2 
5.0 
JB 
FO.rel 
3 
2 
JB7 
offset 
2 
2 
5.0 
JB 
ACC.7.rel 
3 
2 


Peripheral 
Polling 
JTO 
offset 
2 
2 
5.0 
JB 
TO.rei 
3 
2 
JN1 
offset 
2 
2 
5.0 
JNB 
INTO.rel 
3 
2 


JTF 
offset 
2 
2 
5.0 
JBC 
TFO.rel 
3 
2 


Machine 
and Peripheral 
Control 
STRT 
T 
1 
1 
2.5 
SETB 
TRO 
2 
1 


EN 
1 
1 
1 
2.5 
SETB 
EXO 
2 
1 
DIS 
TCNT1 
1 
1 
2.5 
CLR 
ETO 
2 
1 


8048 
Bytes 
Cycles 
,...Sec 
8051 
Bytes 
Cycles & ,...sec 
Instruction 
Instruction 


Flag Control 
Set carry 
CLR 
C 
SETB 
C 
CPL 
C 
= 
2 
2 
5.0 
1 
1 


Set Software 
Flag 
CLR 
FO 
SETB 
CPL 
FO 
= 
2 
2 
5.0 
FO 
2 
1 


Turn Off Output Pin 
ANL 
P1.#OFBH 
= 
2 
2 
5.0 
CLR 
P1.2 
2 
1 


Complement 
Output Pin 
IN 
A.P1 
XRL 
A#04H 
OUTL 
P1.A 
= 
4 
6 
15.0 
CPL 
P1.2 
2 
1 


Clear Flag in RAM 
MOV 
RO.#FLGADR 
MOV 
A@RO 
ANL 
A#FLGMASK 
MOV 
@RO.A 
= 
6 
6 
15.0 
CLR 
USER_FLG 
2 
1 


8048 
Bytes 
Cycles 
J-LSec 
8x51 
Bytes 
Cycles & J-L5ec 
Instruction 
Instruction 
Flag Testing: 
Jump ifSoftware Flag is 0 
JFO 
$+4 
JMP 
offset 
= 
4 
4 
10.0 
JNB 
FO.rel 
3 
2 
Jump ifAccumulator bit is 0 
CPL 
A 
JB7 
offset 
CPL 
A 
= 
4 
4 
10.0 
JNB 
ACC.7.rel 
3 
2 
Peripheral Polling 
Test if Input Pin is Grounded 
IN 
A.P1 
CPL 
A 
JB3 
offset 
= 
4 
5 
12.5 
JNB 
P1.3.rel 
3 
2 
Test if Interrupt Pin is High 
JN1 
$+4 
JMP 
offset 
= 
4 
4 
10.0 
JB 
INTO.rel 
3 
2 


3.0 
BOOLEAN 
PROCESSOR 
APPLICATIONS 


Qualitatively, 
nothing. All the same capabilities could 
be (and often have been) implemented on other ma- 
chines using awkward sequences of other basic opera- 
tions. As mentioned earlier, any CPU can solve any 
problem given enough time. 


Quantitatively, 
the differences between a solution al- 
lowed by the 8051 and those required by previous ar- 
chitectures are numerous. What the 8051 Family buys 
you is a faster, cleaner, lower-cost solution to micro- 
controller applications. 


The opcode space freed by condensing many specific 
8048 instructions into a few general operations has been 
used to add new functionality to the MCS-51 architec- 
ture-both 
for byte and bit operations. 144 software 
flags replace the 8048's two. These flags (and the carry) 
may be directly set, not just cleared and complemented, 
and all can be tested for either state, not just one. Oper- 
ating mode bits previously inaccessible may be read, 
tested, or saved. Situations where the 8051 instruction 
set provides new capabilities are contrasted with 8048 
instruction sequences in Table 4b. Here the 8051 speed 
advantage ranges from 5x to 15x! 


Combining Boolean and byte-wide instructions 
can 
produce great synergy. An MCS-51 based application 
will prove to be: 
• simpler to write since the architecture 
correlates 
more closely with the problems being solved: 
• easier to debug because more individual instructions 
have no unexpected or undesirable side-effects: 
• more byte efficient due to direct bit addressing and 
program counter relative branching: 


• faster running because fewer bytes of instruction 
need to be fetched and fewer conditional jumps are 
processed: 
• lower cost because of the high level of system-inte- 


gration within one component. 


These rather unabashed claims of excellence shall not 
go unsubstantiated. The rest of this chapter examines 
less trivial tasks simplified by the Boolean processor. 
The first three compare the 8051 with other micro- 
processors; the last two go into 805I-based system de- 
signs in much greater depth. 


First off, we'll use the bit-transfer instructions to per- 
mute a lengthy pattern of bits. 


inter 


A steadily increasing number of data communication 
products use encoding methods to protect the securi.ty 
of sensitive information. By law, interstate financial 
transactions involving the Federal banking system must 
be transmitted 
using the Federal 
Information 
Pro- 
cessing Data Encryption Standard (DES). 


Basically, the DES combines eight bytes of "plaintext" 
data (in binary, ASCII, or any other format) with a 56- 
bit "key", producing a 64-bit encrypted value for trans- 
mission. At the receiving end the same algorithm is 
applied to the incoming data using the same key, repro- 
ducing the original eight byte message. The algorithm 
used for these permutations is fixed; different user-de- 
fined keys ensure data privacy. 


It is not the purpose of this note to describe the DES in 
any detail. Suffice it to say that encryption/decryption 
is a long, iterative process consisting of rotations, exclu- 
sive -OR operations, function table look-ups, and an 
extensive (and quite bizarre) sequence of bit permuta- 
tion, packing, and unpacking steps. (For further details 
refer to the June 21, 1979 issue of Electronics 
maga- 
zine.) The bit manipulation steps are included, it is ru- 
mored, to impede a general purpose digital supercom- 
puter trying to "break" the code. Any algorithm imple- 
menting 
the DES with previous generation 
micro- 
processors would spend virtually all of its time diddling 
bits. 


The bit manipulation performed is typified by the Key 
Schedule Calculation represented in Figure 9. This step 
is repeated 16 times for each key used in the course of a 
transmission. In essence, a seven-byte, 56-bit "Shifted 
Key Buffer" is transformed into an eight-byte, "Permu- 
tation Buffer" without altering the shifted Key. The 
arrows in Figure 9 indicate a few of the translation 
steps. Only six bits of each byte of the Permutation 
Buffer are used; the two high-order bits of each byte are 


cleared. This means only 48 of the 56 Shifted Key Buff- 
er bits are used in anyone iteration. 


Different microprocessor architectures would best im- 
plement this type of permutation 
in different ways. 


Most approaches would share the steps of Figure lOa: 


• Initialize the Permutation 
Buffer to default state 
(ones or zeroes): 
• Isolate the state of a bit of a byte from the Key 
Buffer. Depending on the CPU, this might be ac- 
complished by rotating a word of the Key Buffer 
through a carry flag or testing a bit in memory or an 
accumulator against a mask byte: 
• Perform a conditional jump based on the carry or 
zero flag if the Permutation Buffer default state is 
correct: 
• Otherwise reverse the corresponding bit in the per- 
mutation buffer with logical operations and mask 
bytes. 


Each step above may require several instructions. The 
last three steps must be repeated for all 48 bits. Most 
microprocessors would spend 300 to 3,000 microsec- 
onds on each of the 16 iterations. 


Notice, though, that this flow chart looks a lot like 
Figure 8. The Boolean Processor can permute bits by 
simply moving them from the source to the carry to the 
destination-a 
total of two instructions 
taking four 
bytes and three microseconds per bit. Assume the Shift- 
ed Key Buffer and Permutation Buffer both reside in 
bit-addressable RAM, with the bits of the former as- 
signed symbolic names SKB_I, 
SKB_2, 
... 
SKB_ 
56, and that the bytes of the latter are named PB_I, 
... 
PB_8. 
Then working from Figure 9, the software 
for the permutation algorithm would be that of Exam- 
ple la. The total routine length would be 192 bytes, 
requiring 144 microseconds . 


.. c::=J 
PEAM BYTE3 
PERM BYTE" 
BYTE5 
IYTE. 


SET PERMUTATION 
IUFFER 
liT 
PC20) 


(LEAVE PeRMUTATION 
8UFFER 
81T 
CLEARED) 


REPEAT 
FOR EACH 
BIT OF 
SHI"ED 
KEY 
IUFFER 
141 TIMES, 


inter 


REPEAT 
FOR EACH 
BYTE OF 
PERMUTATION 
BUFFER 
(8 TIMES) 


The algorithm of Figure lOb is just slightly more effi- 
cient in this time-critical application and illustrates the 
synergy of an integrated byte and bit processor. The 
bits needed for each byte of the Permutation Buffer are 
assimilated by loading each bit into the carry (I ,...s.) 
and shifting it into the accumulator (I ,...s.).Each byte 
is stored in RAM when completed. -Forty-eight bits 
thus need a total of 112 instructions, some of which are 
listed in Example lb. 


Worst-case execution time would be 112 microseconds, 
since each instruction 
takes a single cycle. Routine 
length would also decrease, to 168 bytes. (Actually, in 
the context of the complete encryption algorithm, each 
permuted byte would be processed as soon as it is as- 
similated-saving 
memory and cutting execution time 
by another 8 ,...s.) 


To date, most banking terminals and other systems us- 
ing the DES have needed special boards or peripheral 
controller chips just for the encryption/decryption 
pro- 
cess, and still more hardware to form a serial bit stream 
for transmission (Figure lla). An 8051 solution could 
pack most of the entire system onto the one chip (Fig- 
ure lib). The whole DES algorithm would require less 
than one-fourth of the on-chip program memory, with 
the remaining bytes free for operating the banking ter- 
minal (or whatever) itself. 


Moreover, since transmission and reception of data is 
performed through 
the on-board UART, 
the unen- 
crypted data (plaintext) never even exists outside the 
microcomputer! Naturally, this would afford a high de- 
gree of security from data interception. 


Example I. DES Key Permutation Software. 
a.) "Brute Force" technique 


MOV 
C,SKB_l 
MOV 
PB_!.l,C 
MOV 
C,SKB_2 
MOV 
PB_4.0,C 
MOV 
C,SKB_3 
MOV 
PB_2.5,C 
MOV 
C,SKB_4 
MOV 
PB_!.0,C 


MOV 
C,SKB_55 
MOV 
PB_5.0,C 
MOV 
C,SKB_56 
MOV 
PB_7.2,C 


CLR 
A 
MOV 
C,SKB_14 
RLC 
A 
MOV 
C,SKB_17 
RLC 
A 
MOV 
C,SKB_ll 
RLC 
A 
MOV 
C,SKB_24 
RLC 
A 
MOV 
C,SKB_l 
RLC 
A 
MOV 
C,SKB_5 
RLC 
A 
MOV 
PB_l,A 


MOV 
C,SKB_29 
RLC 
A 
MOV 
C,SKB_32 
RLC 
A 
MOV 
PB_8,A 


inter 
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b.) Using One Single-Chip Microcomputer 


Figure 11.Secure Banking Terminal Block Diagram 


Design Example #2-Software 
Serial 110 


An exercise often imposed on beginning microcomput- 
er students is to write a program simulating a DART. 
Though doing this with the 8051 Family may appear to 
be a moot point (given that the hardware for a full 
DART is on-chip), it is still instructive to see how it 
would be done, and maintains a product line tradition. 


As it turns out, the 8051 microcomputers can receive or 
transmit serial data via software very efficiently using 
the Boolean instruction set. Since any I/O pin may be a 
serial input or output, several serial links could be 
maintained at once. 


l 


I 


I 


TO 
MODEM 


I 
I 
J 


270656-8 


Figures 12a and 12b show algorithms for receiving or 
transmitting a byte of data. (Another section of pro- 
gram would invoke this algorithm eight times, synchro- 
nizing it with a start bit, clock signal, software delay, or 
timer interrupt.) Data is received by testing an input 
pin, setting the carry to the same state, shifting the 
carry into a data buffer, and saving the partial frame in 
internal RAM. Data is transmitted by shifting an out- 
put buffer through the carry, and generating each bit 
on an output pin. 


A side-by-side comparison of the software for this com- 
mon "bit-banging" application with three different mi- 
croprocessor architectures is shown in Table 5a and 5b. 
The 8051 solution is more efficient than the others on 
every count! 


inter 


b.) Transmission 


Figure 12. Serial I/O Algorithms 


•. ) Input Ruulirw. 


8085 


I~ 
A~I 
.IZ 
CMC 


1.0: 
I XI 
MOV 
RR 
MOV 


SERPORT 
MASK 
1.0 


RESlIl.TS: 


K I~STRI1CTIO~S 
14BYTES 
5~ STATES 
19uSEC 


b.• OUlput Routinf. 


8085 


LXI 
HI..SFRBIIF 
MOV 
A.M 
RR 
MOV 
I~ 
J(' 


1.0: 
A:-II 
.IMP 
HI: 
ORI 


CNT:OllT 


M.A 
SERPORT 
HI 
~OT MASK 
C~T 
MASK 
SFRIJORT 


RESlILrS: 


10 INSTRUCTIONS 
20 BYTES 
72 STATES 
24 uSEC 


Design Example # 3-Comblnatorlal 
Logic Equations 


CI.R 
C 


.I~TO 
1.0 
CPI. 
(" 


MOV 
RO."SERBliF 
MOV 
A.@lRO 
RRC 
A 
MOV 
@lRO.A 


7 I'I;SI RITTIO~S 
9 BYTES 
9 CYCLES 


22.5usEe 


8048 


MOV 
MOV 
RRC 
MOV 


RO.·SERBliF 
A.@lRO 


A 
@RO.A 


J(' 
A 'I; I. 
.IMP 
HI: 
ORI. 


("'.1. 


HI 
SERPRT.,'I;OT 
MASK 
C:-IT 
SERPRT."MASK 


K INSTRUCTIONS 
I.' BYTES 
II CYCLES 
27.5 uSEC 


MOV 
A.SFRBl'F 
RRC 
A 
MOV 
SERBlIF.A 


41'1;STRlICTI0~S 
7 BYTES 
4 CYCI.FS 
4 uSEC 


MOV 
A.SERBIIE 
RRC 
A 
MOV 
SERBliF.A 


4 INSTR UCTIONS 
7 BYTES 
5 CYCI.ES 
5 uSEC 


Figure 13 shows TIL 
and relay logic diagrams for a 


function of the six variables U through Z. Each is a 
solution of the equation. 


Next we'll look at some simple uses for bit-test instruc- 
tions and logical operations. (This example is also pre- 
sented in Application Note AP-69.) 


Virtually all hardware designers have solved complex 
functions using combinatorial logic. While the hard- 
ware involved may vary from relay logic, vacuum 
tubes, or TIL or to more esoteric technologies like flu- 
idics, in each case the goal is the same: to solve a prob- 
lem represented by a logical function of several Boolean 
variables. 


Equations of this sort might be reduced using Kar- 
naugh Maps or algebraic techniques, but that is not the 
purpose of this example. As the logic complexity in- 
creases, so does the difficulty of the reduction process. 
Even a minor change to the function equations as the 
design evolves would require tedious re-reduction from 
scratch. 


inter 


Q = (U • (V + W) + (X. Y) + Z 
a.) Using TTL 


b.) Using Relay Logic 


Figure 13. Hardware 
Implementations 
of Boolean 
Functions 


For the sake of comparison we will implement this 
function three ways, restricting the software to three 
proper subsets of the MCS-51 instruction set. We will 
also assume that U and V are input pins from different 
input ports, Wand X are status bits for two peripheral 
controllers, and Y and Z are software flagsset up earli- 
er in the program. The end result must be written 


to an output pin on some third port. The first two im- 
plementations follow the flow-chart shown in Figure 
14. Program flow would embark on a route down a 
test-and-branch tree and leaves either the "True" or 
"Not True" exit ASAP-as 
soon as the proper result 
has been determined. These exits then rewrite the out- 
put port with the result bit respectively one or zero. 


Figure 14. Flow Chart for 
Tree-Branching 
Algorithm 


Other digital computers must solve equations of this 
type with standard word-wide logical instructions and 
conditional jumps. So for the first implementation, we 
won't use any generalized bit-addressing instructions. 
As we shall soon see, being constrained to such an in- 
struction subset produces somewhat sloppy software 
solutions. MCS-51 mnemonics are used in Example 2a: 
other machines might further cloud the situation by 
requiring operation-specific mnemonics like INPUT, 
OUTPUT, LOAD, STORE, etc., instead of the MOV 
mnemonic used for all variable transfers in the 8051 
instruction set. 


The code which results is cumbersome and error prone. 
It would be difficult to prove whether the software 
worked for all input combinations in programs of this 
sort. Furthermore, execution time will vary widely with 
input data. 


Thanks to the direct bit-test operations, a single in- 
struction can replace each move mask conditional jump 
sequence in Example 2a, but the algorithm would be 
equally convoluted (see Example 2b). To lessen the 
confusion "a bit" each input variable is assigned a sym- 
bolic name. 


A more elegant and efficient implementation (Example 
2c) strings together the Boolean ANL and ORL func- 
tions to generate the output function with straight-line 
code. When finished, the carry flag contains the result, 
which is simply copied out to the destination pin. No 
flow chart is needed-eode 
can be written directly from 
the logic diagrams in Figure 14. The result is simplicity 
itself: fast, flexible, reliable, easy to design, and easy to 
debug. 


An 8051 program can simulate an N-input AND or 
OR gate with at most N + I lines of source program- 
one for each input and one line to store the results. To 
simulate NAND and NOR gates, complement the car- 
ry after computing the function. When some inputs to 
the gate have "inversion bubbles", perform the ANL or 
ORL operation on inverted operands. When the first 
input is inverted, either load the operand into the carry 
and then complement it, or use DeMorgan's Theorem 
to convert the gate to a different form. 


Example 2. Software Solutions to Logic Function of 
Figure 13. 


a.) Using only byte-wide logical instructions 
:BFUNCI 
SOLVE 
RANDOM 
LOGIC 
FUNCTION 
OF 
6 
VARIABLES 
BY 
LOADING 
AND 
MASKING 
THE 
APPROPRIATE 
BITS 
IN 
THE 
ACCUMULATOR. 
THEN 
EXECUTING 
CONDITIONAL 
JUMPS 
BASED 
ON 
ZERO 
CONDITION. 
(APPROACH USED 
BY 
BYTE-ORIENTED 
ARCHITECTURES.) 
BYTE 
AND 
MASK 
VALUES 
CORRESPOND 
TO 
RESPECTIVE 
BYTE 
ADDRESS 
AND 
BIT 
POSITIONS. 


OUTBUF 
DATA 22H 
;OUTPUT PIN STATE MAP 


inter 


TESTV: 
MOV 
A,P2 
ANL 
A,#OOOOOlOOB 
JNZ 
TESTU 
MOV 
A,TCON 
ANL 
A,#OOlOOOOOB 
JZ 
TESTX 
TESTU: 
MOV 
A,Pl 
ANL 
A,#OOOOOOlOB 
JNZ 
SETQ 
TESTX: 
MOV 
A,TCON 
ANL 
A,#OOOOlOOOB 
JZ 
TESTZ 
MOV 
A,20H 
ANL 
A,#OOOOOOOlB 
JZ 
SETQ 
TESTZ: 
MOV 
A,21H 
ANL 
A,#OOOOOOlOB 
JZ 
SETQ 
CLRQ: 
MOV 
A,OUTBUF 
ANL 
A,#llllOlllB 
JMP 
OUTQ 
SETQ: 
MOV 
A,OUTBUF 
ORL 
A,#OOOOlOOOB 
OUTQ: 
MOV 
OUTBUF,A 
MOV 
P3,A 


b.) Using only bit-test instructions 
:BFUNC2 
SOLVE 
A 
RANDOM 
LOGIC 
FUNCTION 
OF 
6 
VARIABLES 
BY 
DIRECTLY 
POLLING 
EACH 
BIT. 
(APPROACH USING 
MCS-51 
UNIQUE 
BIT-TEST 
INSTRUCTION 
CAPABILITY.) 
SYMBOLS 
USED 
IN 
LOGIC 
DIAGRAM 
ASSIGNED 
TO 
CORRESPONDING 
8x51 
BIT 
ADDRESSES. 


U 
BIT 
Pl.l 
V 
BIT 
P2.2 
W 
BIT 
TFO 
X 
BIT 
IEl 
Y 
BIT 
20H.0 
Z 
BIT 
21H.l 
Q 
BIT 
P3.3 


TEST_V: JB 
V,TEST_U 
JNB 
W,TEST_X 
TEST_U: JB 
U,SET_Q 
TEST_X: JNB 
X,TEST_Z 
JNB 
Y,SET_Q 
TEST_Z: JNB 
Z,SET_Q 
CLR_Q: 
CLR 
Q 
JMP 
NXTTST 
SELQ: 
SETB 
Q 
NXTTST:(CONTINUATION OF 
:PROGRAM) 


c.) Using logical operations on Boolean variables 
:FUNC3 
SOLVE 
A 
RANDOM 
LOGIC 
FUNCTION 
OF 
6 
VARIABLES 
USING 
STRAIGHT_LINE 
LOGICAL 
INSTRUCTIONS 
ON 
MCS-51 
BOOLEAN 
VARIABLES. 
. 
MOV C,V 
ORL C,W 
ANL C,U 
MOV FO,C 
MOV C,X 
ANL C,Y 
ORL C,FO 
ORL C,Z 


;OUTPUT OF OR GATE 
;OUTPUT OF TOP AND GATE 
;SAVE INTERMEDIATE STATE 


;OUTPUT OF BOTTOM AND GATE 
;INCLUDE VALUE SAVED ABOVE 
;INCLUDE LAST INPUT 
;VARIABLE 
;OUTPUT COMPUTED RESULT 


An upper-limit can be placed on the complexity of soft- 
ware to simulate a large number of gates by summing 
the total number of inputs and outputs. The actual total 
should be somewhat shorter, since calculations can be 
"chained," as shown. The output of one gate is often 
the fIrst input to another, bypassing the intermediate 
variable to eliminate two lines of source. 


Design Example # 4-Automotive 
Dashboard 
Functions 


Now let's apply these techniques to designing the soft- 
ware for a complete controller system. This application 
is patterned 
after a familiar real-world 
application 
which isn't nearly as trivial as it might fIrst appear: 
automobile turn signals. 


Imagine the three position turn lever on the steering 
column as a single-pole, triple-throw toggle switch. In 
its central position all contacts are open. In the up or 
down positions contacts close causing corresponding 
lights in the rear of the car to blink. So far very simple. 


Two more turn signals blink in the front of the car, and 
two others in the dashboard. All six bulbs flash when 
an emergency switch is closed. A thermo-mechanical 
relay (accessible under the dashboard in case it wears 
out) causes the blinking. 


Applying the brake pedal turns the tail light fllaments 
on constantly ... 
unless a turn is in progress, in which 
case the blinking tail light is not affected. (Of course, 
the front turn signals and dashboard indicators are not 
affected by the brake pedal.) Table 6 summarizes these 
operating modes. 


Input Signals 
Output Signals 


Brake 
Emerg. 
Left 
Right 
Left 
Right 
Left 
Right 
Turn 
Turn 
Front 
Front 
Switch 
Switch 
Switch 
Switch 
& Dash 
& Dash 
Rear 
Rear 


0 
0 
0 
0 
Off 
Off 
Off 
Off 
0 
0 
0 
1 
Off 
Blink 
Off 
Blink 
0 
0 
1 
0 
Blink 
Off 
Blink 
Off 


0 
1 
0 
0 
Blink 
Blink 
Blink 
Blink 
0 
1 
0 
1 
Blink 
Blink 
Blink 
Blink 
0 
1 
1 
0 
Blink 
Blink 
Blink 
Blink 


1 
0 
0 
0 
Off 
Off 
On 
On 
1 
0 
0 
1 
Off 
Blink 
On 
Blink 
1 
0 
1 
0 
Blink 
Off 
Blink 
On 


1 
1 
0 
0 
Blink 
Blink 
On 
On 
1 
1 
0 
1 
Blink 
Blink 
On 
Blink 
1 
1 
1 
0 
Blink 
Blink 
Blink 
On 


But we're not done yet. Each of the exterior turn signal 
(but not the dashboard) bulbs has a second, somewhat 
dimmer 
fJlament for the parking 
lights. Figure 
15 
shows TIL circuitry which could control all six bulbs. 
The signals labeled "High Freq." and "Low Freq." rep- 
resent two square-wave inputs. Basically, when one of 
the turn switches is closed or the emergency switch is 
activated the low frequency signal (about I Hz) is gated 
through to the appropriate dashboard indicator(s) and 
turn signal(s). The rear signals are also activated when 
the brake pedal is depressed provided a turn is not be- 
ing made in the same direction. When the parking light 
switch is closed the higher frequency oscillator is gated 
to each front and rear turn signal, sustaining a low-in- 
tensity background level. (This is to eliminate the need 
for additional parking light filaments.) 


In most cars, the switching logic to generate these func- 
tions requires a number of multiple-throw contacts. As 
many as 18 conductors thread the steering column of 
some automobiles solely for turn-signal and emergency 
blinker functions. (The author discovered this recently 
to his astonishment 
and dismay when replacing the 
whole assembly because of one burned contact.) 


A multiple-conductor wiring harness runs to each cor- 
ner of the car, behind the dash, up the steering column, 
and down to the blinker relay below. Connectors at 


LO. 


FREQ. 


OSCILLATOR 


eacb termination for each filament lead to extra cost 
and labor during construction, 
lower reliability and 
safety, and more costly repairs. And considering the 
system's present complexity, increasing its reliability or 
detecting failures would be quite difficult. 


There are two reasons for going into such painful detail 
describing this example. First, to show that the messiest 
part of many system designs is determining what the 
controller should do. Writing the software to solve 
these functions will be comparatively easy. Secondly, to 
show the many potential failure points in the system. 
Later we'll see how the peripheral functions and intelli- 
gence built into a microcomputer (with a little creativi- 
ty) can greatly reduce external interconnections 
and 
mechanical part count. 


The circuit shown in Figure 16 indicates five input pins 
to the five input variables-left-turn 
select, right-turn 
select, brake pedal down, emergency switch on, and 
parking lights on. Six output pins turn on the front, 
rear, and dashboard indicators for each side. The mi- 
crocomputer implements all logical functions through 
software, which periodically updates the output signals 
as time elapses and input conditions change. 


HI. 


FREQ. 
OSCILLATOR 


intJ 


.IZV 
.1ZV 


8051 
LEFT 
FRONT 
Pl.5 
Pl.0 
RIGHT 
FIIONT 
Pl.l 
PU 


LEFT 
Pl.2 
DASHBOARD 
Pl.7 


LEFT 
Pl.3 
RIGHT 
DASHBOARD 
no 
RIGHT 
P1.4 
LEFT 


P2.1 
REAR 


RIGHT 


P2.2 
REAR 


MODE 
SIGNAL 
CONTROLLER 
OUTPUT 
SIGNAL 
SENSORS 
CONDITIONING 
IUFFERS 
BULlS 


270656-16 


EMEIIOENCY 
SWITCH 


PARKING 
LIGHTS 


Design Example '" 3 demonstrated that symbolic ad- 
dressing with user-dermed bit names makes code and 
documentation 
easier to write and maintain. Accord- 
ingly, we'll assign these I/O 
pins names 
for use 
throughout the program. (The format of this example 
will differ somewhat from the others. Segments of the 
overall program will be presented in sequence as each is 
described.) 


INPUT PIN DECLARATIONS: 
;(ALL INPUTS ARE POSITIVE-TRUE 
LOGIC) 
; 
BRAKE 
BIT Pl.O 
;BRAKE PEDAL 
;DEPRESSED 
EMERG 
BIT Pl.l 
;EMERGENCY BLINKER 
;ACTIVATED 
PARK 
BIT Pl.2 
;PARKING LIGHTS 
ON 
I_TURN BIT Pl.3 
;TURN LEVER DOWN 
R_TURN 
BIT Pl.4 
;TURN LEVER UP 


OUTPUT PIN DECLARATIONS: 


LFRNT 
BIT Pl.5 
;FRONT LEFT-TURN 
;INDICATOR 
R_FRNT 
BIT Pl.6 
;FRONT RIGHT-TURN 
;INDICATOR 
LDASH 
BIT Pl.7 
;DASHBOARD LEFT-TURN 
;INDICATOR 


R_DASH 
BIT P2.0 
;DASHBOARD RIGHT- 
;TURN INDICATOR 
I_REAR BIT P2.1 
;REAR LEFT-TURN 
;INDICATOR 
R_REAR 
BIT P2.2 
;REAR RIGHT-TURN 
;INDICATOR 


Another key advantage of symbolic addressing will ap- 
pear further on in the design cycle. The locations of 
cable connectors, signal conditioning circuitry, voltage 
regulators, heat sinks, and the like all affect P.C. board 
layout. It's quite likely that the somewhat arbitrary pin 
assignment defined early in the software design cycle 
will prove to be less than optimum; rearranging the I/O 
pin assignment could well allow a more compact mod- 
ule, or eliminate costly jumpers on a single-sided board. 
(These considerations apply especially to automotive 
and other cost-sensitive applications 
needing single- 
chip controllers.) Since other architectures mask bytes 
or use "clever" algorithms to isolate bits by rotating 
them into the carry, re-routing an input signal (from bit 
I of port I, for example, to bit 4 of port 3) could require 
extensive modifications throughout the software. 


The Boolean Processor's direct bit addressing makes 
such changes absolutely trivial. The number of the port 
containing the pin is irrelevent, and masks and complex 


program structures 
are not needed. Only the initial 
Boolean variable declarations 
need to be changed; 
ASM51 automatically adjusts all addresses and symbol- 
ic references to the reassigned variables. The user is 
assured that no additional debugging or software verifi- 
cation will be required. 


;INTERRUPT RATE SUBDIVIDER 
SUB_DIV 
DATA 
20H 


;HIGH-FREQUENCY OSCILLATOR 
BIT 
HI_FREQ 
BIT 
SUB_DIV,O 


;LOW-FREQUENCY OSCILLATOR 
BIT 
LO_FREQ 
BIT 
SUB_DIV,7 


ORG 
INIT 


ORG 
lOOH 


;PUT TIMER 0 IN MODE 1 
INIT; 
MOV 
TMOD,#OOOOOOOlB 


;INITIALIZE TIMER REGISTERS 
MOV 
TLO,#O 
MOV 
THO.#-16 


;SUBDIVIDE INTERRUPT RATE BY 244 
MOV 
SUB_DIV,#244 


;ENABLE TIMER INTERRUPTS 
SETB 
ETO 


;GLOBALLY ENABLE ALL INTERRUPTS 
SETB 
EA 


;START TIMER 
SETB 
TRO 


;(CONTINUE WITH BACKGROUND 
PROGRAM) 


;PUT TIMER 0 IN MODE 1 
;INITIALIZE TIMER REGISTERS 


;SUBDIVIDE INTERRUPT RATE BY 244 
;ENABLE TIMER INTERRUPTS 
;GLOBALLY ENABLE ALL INTERRUPTS 
;START TIMER 


Timer 0 (one of the two on-chip timer counters) re- 
places the thermo-mechanical blinker relay in the dash- 
board controller. During system initialization it is con- 
figured as a timer in mode I by setting the least signifi- 
cant bit of the timer mode register (TMOD). In this 
configuration the low-order byte (TLO) is incremented 
every machine cycle, overflowing and incrementing the 
high-order byte (THO) every 256 p.s. Timer interrupt 0 
is enabled so that a hardware interrupt will occur each 
time THO overflows. 


An eight-bit variable in the bit-addressable RAM array 
will be needed to further subdivide the interrupts via 
software. The lowest-order bit of this counter toggles 
very fast to modulate the parking lights: bit 7 will be 


"tuned" to approximately I Hz for the turn- and emer- 
gency-indicator blinking rate. 


Loading THO with -16 will cause an interrupt 
after 


4.096 ms. The interrupt 
service routine reloads the 


high-order byte of timer 0 for the next interval, saves 
the CPU registers likely to be affected on the stack, and 
then 
decrements 
SUB_DIY. 
Loading 
SUB~IV. 


with 244 initially and each time it decrements to zero 
will produce a 0.999 second period for the highest-or- 
der bit. 


ORG 
OOOBH 
;TIMER 0 SERVICE VECTOR 


MOV 
THO,#-16 
PUSH PSW 
PUSH ACC 
PUSH B 
DJNZ SUB_DIV.TOSERV 
MOV 
SUB_DIV,#244 


The code to sample inputs, perform calculations, and 
update outputs-the 
real "meat" of the signal control- 


ler algorithm-may 
be performed either as part of the 


interrupt service routine or as part of a background 
program loop. The only concern is that it must be exe- 
cuted at least serveral dozen times per second to pre- 
vent parking light flickering. We will assume the for- 
mer case, and insert the code into the timer 0 service 
routine. 


First, notice from the logic diagram (Figure 15) that 
the subterm (PARK • H_FREQ), 
asserted when the 


parking lights are to be on dimly, figures into four of 
the six output 
functions. Accordingly, 
we will first 


compute that term and save it in a temporary location 
named "DIM". The PSW contains two general purpose 
flags: FO, which corresponds to the 8048 flag of the 
same name, and PSW.1. Since the PSW has been saved 
and will be restored to its previous state after servicing 
the interrupt, we can use either bit for temporary stor- 
age. 


PSW.l 
;DECLARE TEMP 
;STORAGE FLAG 


;GATE PARKING 
;LIGHT SWITCH 
;WITH HIGH 
;FREQUENCY 
;SIGNAL 
;AND SAVE IN 
;TEMP. VARIABLE 


This simple three-line section of code illustrates a re- 
markable point. The software indicates in very abstract 
terms exactly what function is being performed, inde- 


inter 


pendent of the hardware configuration. The fact that 
these three bits include an input pin, a bit within a 
program variable, and a software flag in the PSW is 
totally invisible to the programmer. 


Now generate and output the dashboard left turn sig- 
nal. 


:SET 
CARRY IF 
:TURN 
:OR EMERGENCY 
: SELECTED 
:GATE 
IN 
1 HZ 
:SIGNAL 
:AND OUTPUT TO 
;DASHBOARD 


ORL C,EMERG 


ANL C, LO_FREQ 


To generate the left front turn signal we only need to 
add the parking light function in FO.But notice that the 
function in the carry will also be needed for the rear 
signal. We can save effort later by saving its current 
state in FO. 


MOV FO,C 
:SAVE 
FUNCTION 
:SO FAR 
ORL C,DIM 
:ADD IN 
PARKING 
:LIGHT 
FUNCTION 
MOV L_FRNT,C 
;AND OUTPUT TO 
;TURN SIGNAL 


Finally, the rear left turn signal should also be on when 
the brake pedal is depressed, provided a left turn is not 
in progress. 


MOV C,BRAKE 
:GATE BRAKE 
:PEDAL 
SWITCH 
ANL C,L_TURN 
:WITH 
TURN 
:LEVER 
ORL C,FO 
:INCLUDE 
TEMP. 
:VARIABLE 
FROM DASH 


:AND PARKING 
;LIGHT 
FUNCTION 
;AND OUTPUT TO 
:TURN SIGNAL 


Now we have to go through a similar sequence for the 
right-hand equivalents to all the left-turn lights. This 
also gives us a chance to see how the code segments 
above look when combined. 


MOV C.R_TURN 
:SET 
CARRY H- 
:TURN 
ORL C.EMERG 
:OR EMERGENCY 
: SELECTED 
ANL C,LO_FREQ 
:IF 
SO. 
GATE IN 1 
:HZ 
SIGNAL 
MOV R_DASH.C 
:AND OUTPUT TO 
:DASHBOARD 
MOV FO.C 
:SAVE 
FUNCTION 
:SO FAR 
ORL C.DIM 
:ADD IN 
PARKING 
:LIGHT 
FUNCTION 
MOV R_FRNT.C 
:AND OUTPUT TO 
:TURN SIGNAL 
MOV C.BRAKE 
:GATE BRAKE 
:PEDAL 
SWITCH 
ANL C. 
R_TURN 
:WITH 
TURN 
:LEVER 
ORL C.FO 
:INCLUDE 
TEMP. 
:VARIABLE 
FROM 
:DASH 
ORL C.DIM 
:AND PARKING 
;LIGHT 
FUNCTION 
MOV R_REAR. C 
:AND OUTPUT TO 
:TURN SIGNAL 


(The perceptive reader may notice that simply rear- 
ranging the steps could eliminate one instruction from 
each sequence.) 


Now that all six bulbs are in the proper states, we can 
return from the interrupt routine, and the program is 
finished. This code essentially needs to reverse the 
status saving steps at the beginning of the interrupt. 


Sub_Dlv Bits 
Duty Cycles 
7 
6 
5 
4 
3 
2 
1 
0 
12.5% 
25.0% 
37.5% 
50.0% 
62.5% 
75.0% 
87.5% 


X 
X 
X 
X 
X 
0 
0 
0 
Off 
Off 
Off 
Off 
Off 
Off 
Off 
X 
X 
X 
X 
X 
0 
0 
1 
Off 
Off 
Off 
Off 
Off 
Off 
On 
X 
X 
X 
X 
X 
0 
1 
0 
Off 
Off 
Off 
Off 
Off 
On 
On 
X 
X 
X 
X 
X 
0 
1 
1 
Off 
Off 
Off 
Off 
On 
On 
On 
X 
X 
X 
X 
X 
1 
0 
0 
Off 
Off 
Off 
On 
On 
On 
On 
X 
X 
X 
X 
X 
1 
0 
1 
Off 
Off 
On 
On 
On 
On 
On 
X 
X 
X 
X 
X 
1 
1 
0 
Off 
On 
On 
On 
On 
On 
On 
X 
X 
X 
X 
X 
1 
1 
1 
On 
On 
On 
On 
On 
On 
On 


inter 


;RESTORE CPU 
;REGISTERS. 
POP ACC 
pop PSW 
RETI 


Program Refinements. The luminescence of an incan- 
descent light bulb filament is generally non-linear: the 
50% duty cycle of HIJREQ 
may not produce the 
desired intensity. If the application requires. duty cy- 
cles of 25%. 75%, etc. are easily achieved by ANDing 
and ORing in additional low-order bits of SUB_DIY. 
For example. 30 H/ signals of seven different duty cy- 
cles could be produced by considering bits 2-0 as 
shown in Table 7. The only software change required 
would be to the code which sets-up variable DIM; 


MOV C,SUB_DIV.l;START 
WITH 50 
;PERCENT 
ANL C,SUB_DIV.O;MASK 
DOWN TO 25 
;PERCENT 
ORL C,SUB_DIV.2;AND 
BUILD BACK TO 
;62 PERCENT 
MOV DIM,C 
;DUTY CYCLE FOR 
;PARKING LIGHTS. 


Interconnections increase cost and decrease reliability. 
The simple buffered pin-per-function circuit in Figure 
16 is insufficient when many outputs require higher- 
than-TTL drive levels. A lower-cost solution uses the 
8051 serial port in the shift-register mode to augment 
I/O. In mode O. writing a byte to the serial port data 
buffer (SBUF) causes the data to be output sequentially 
through the "RXD" 
pin while a burst of eight clock 
pulses is generated on the "TXD" pin. A shift register 
connected to these pins (Figure 17) will load the data 
byte as it is shifted out. A number of special peripheral 


driver circuits combining shift-register inputs with high 
drive level outputs have been introduced recently. 


Cascading multiple shift registers end-to-end will ex- 
pand the number of outputs even further. The data rate 
in the I/O expansion mode is one megabaud, or 8 jJos. 
per byte. This is the mode which the serial port defaults 
to following a reset, so no initialization is required. 


The software for this technique uses the B register as a 
"map" corresponding to the different output functions. 
The program manipulates these bits instead of the out- 
put pins. Mter all functions have been calculated the B 
register is shifted by the serial port to the shift-register 
driver. (While some outputs may glitch as data is shift- 
ed through them, at I Megabaud most people wouldn't 
notice. Some shift registers provide an "enable" bit to 
hold the output states while new data is being shifted 
in.) 


This is where the earlier decision to address bits sym- 
bolically throughout the program is going to payoff. 
This major I/O restructuring is nearly as simple to im- 
plement as rearranging the input pins. Again, only the 
bit declarations need to be changed. 


LFRNT 
BIT B.O 
;FRONT LEFT-TURN 
;INDICATOR 
R_FRNT 
BIT B.l 
;FRONT RIGHT-TURN 
;INDICATOR 
LDASH 
BIT B.2 
;DASHBOARD LEFT-TURN 
;INDICATOR 
R_DASH 
BIT B.3 
;DASHBOARD RIGHT-TURN 
;INDICATOR 
LREAR 
BIT B.4 
;REAR LEFT-TURN 
;INDICATOR 
R_REAR 
BIT B.5 
;REAR RIGHT-TURN 
;INDICATOR 


Figure 17. Output Expansion 
Using Serial Port 
7-28 


The original program to compute the functions need 
not change. After computing the output variables, the 
control map is transmitted to the buffered shift register 
through the serial port. 


The Boolean Processor solution holds a number of ad- 
vantages over older methods. Fewer switches are re- 
quired. Each is simpler, requiring fewer poles and lower 
current contacts. The flasher relay is eliminated entire- 
ly. Only six filaments are driven, rather than 10. The 
wiring harness is therefore simpler and less expensive- 
one conductor for each of the six lamps and each of the 
five sensor switches. The fewet conductors use far few- 
er connectors. The whole system is more reliable. 


And since the system is much simpler it would be feasi- 
ble to implement redundancy and or fault detection on 
the four main turn indicators. Each could still be a 


standard double filament bulb, but with the filaments 
driven in parallel to tolerate single-element failures. 


Even with redundancy, the lights will eventually fail. 
To handle this inescapable fact current or voltage sens- 
ing circuits on each main drive wire can verify that 
each bulb and its high-current 
driver is functioning 
properly. Figure 18 shows one such circuit. 


Assume all of the lights are turned on except one: i.e., 
all but one of the collectors are grounded. For the bulb 
which is turned off, if there is continuity from + 12V 
through the bulb base and filament, the control wire, all 
connectors, and the P.C. board traces, and if the tran- 
sistor is indeed not shorted to ground, then the collec- 
tor will be pulled to + 12V. This turns on the base of 
Q8 through the corresponding resistor, and grounds the 
input pin, verifying that the bulb circuit is operational. 
The continuity of each circuit can be checked by soft- 
ware in this way. 


WIRING 
HARNESS 
I 


inter 


Now turn all the bulbs on, grounding all the collectors. 
Q7 should be turned off, and the Test pin should be 
high. However, a control wire shorted to + 12Y or an 
open-circuited drive transistor would leave one of the 
collectors at the higher voltage even now. This too 
would turn on Q7, indicating a different type offailure. 
Software could perform these checks once per second 
by executing the routine every time the software count- 
er SUB_DIY 
is reloaded by the interrupt routine. 


DJNZ SUB_DIV,TOSERV 
MOV SUB_DIV,#244 
ORL Pl,#lllOOOOOB 


ORL P2,#00000111B 
CLR LFRNT 


CLR 
L_DASH 
JB 
TO,FAULT 
SETB L_DASH 
CLR 
L_REAR 
JB 
TO,FAULT 
SETB L_REAR 
CLR 
R_FRNT 
JB 
TO,FAULT 
SETB R_FRNT 
CLR 
R_DASH 
JB 
TO,FAULT 
SETB R_DASH 
CLR 
R_REAR 
JB 
TO,FAULT 
SETB R_REAR 


;WITH ALL COLLECTORS 
SHOULD BE HIGH 
;IF SO. CONTINUE WITH 
ROUTINE. 
JB 
TO,TOSERV 
FAULT: 


;RELOAD COUNTER 
;SET CONTROL 
;OUTPUTS HIGH 


;FLOAT DRIVE 
;COLLECTOR 
;TO SHOULD BE 
;PULLED LOW 
;PULL COLLECTOR 
;BACK DOWN 


;ELECTRICAL 
;FAILURE 
;PROCESSING 
;ROUTINE 
;(LEFT TO 
;READER'S 
;IMAGINATION) 
;CONTINUE WITH 
;INTERRUPT 
;PROCESSING 


The complete assembled program listiqg is printed in 
Appendix A. The resulting code consists of 67 program 
statements, not counting declarations and comments, 
which assemble into 150bytes of object code. Each pass 
through 
the service routine 
requires 
(coincidently) 
67 /Lsplus 32 /Lsonce per second for the electrical test. 
If executed every 4 ms as suggested this software would 
typically reduce the throughput of the background pro- 
gram by less than 2%. 


Once a microcomputer has been designed into a system, 
new features suddenly become virtually free. Software 
could make the emergency blinkers flash alternately or 
at a rate faster than the turn signals. Turn signals could 
override the emergency blinkers. Adding more bulbs 
would allow multiple taillight sequencing and syncopa- 
tion-true 
flash factor, so to speak. 


Design Example # 5-Complex 
Control 
Functions 


Finally, we'll mix byte and bit operations to extend the 
use of 8051 into extremely complex applications. 


Programmers can arbitrarily assign 110 pins to input 
and output functions only if the total does not exceed 
32, which is insufficient for applications with a very 
large number of input variables. One way to expand the 
number of inputs is with a technique similar to multi- 
plexed-keyboard scanning. 


Figure 19shows a block diagram for a moderately com- 
plex programmable industrial controller with the fol- 
lowing characteristics: 
• 64 input variable sensors: 
• 
12 output signals: 


• Combinational and sequential logic computations: 
• Remote operation with communications to a host 
processor via a high-speed full-duplex serial link: 
• Two prioritized external interrupts: 
• Internal real-time and time-of-day clocks. 


While many microprocessors could be programmed to 
provide these capabilities with assorted peripheral sup- 
port chips, an 8051 microcomputer needs no other inte- 
grated circuits! 


The 64 input sensors are logically arranged as an 8x8 
matrix. The pins of Port 1 sequentially enable each col- 
umn of the sensor matrix: as each is enabled Port 0 
reads in the state of each sensor in that column. An 
eight-byte block in bit-addressable RAM remembers 
the data as it is read in so that after each complete scan 
cycle there is an internal map of the current state of all 
sensors. Logic functions can then directly address the 
elements of the bit map. 


inter 
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The computer's serial port is configured as a nine-bit 
DART, transferring data at 17,000 bytes-per-second. 
The ninth bit may distinguish between address and data 
bytes. 


The 8051 serial port can be configured to detect bytes 
with the address bit set, automatically ignoring all oth- 
ers. Pins INTO and INTI are interrupts configured re- 
spectively as high-priority, falling-edge triggered and 
low-priority, low-level triggered. The remaining 12 I/O 
pins output TTL-Ievel control signals to 12 actuators. 


There are several ways to implement the sensor matrix 
circuitry, all logically similar. Figure 20a shows one 
possibility. Each of the 64 sensors consists of a pair of 
simple switch contacts in series with a diode to permit 
multiple contact closures throughout the matrix. 


The scan lines from Port I provide eight un-encoded 
active-high scan signals for enabling columns of the 
matrix. The return lines on rows where a contact is 
closed are pulled high and read as logic ones. Open 
return lines are pulled to ground by one of the 40 kfi 
resistors and are read as zeroes. (The resistor values 
must be chosen to ensure all return lines are pulled 
above the 2.0V logic threshold, even in the worst-case, 


where all contacts in an enabled column are closed.) 
Since PO is provided open-collector outputs and high- 
impedance MOS inputs its input loading may be con- 
sidered negligible. 


The circuits in Figures 20b-2Od are variations on this 
theme. When input signals must be electrically isolated 
from the computer circuitry as in noisy industrial envi- 
ronments, phototransistors can replace the switch diode 
pairs and provide optical isolation as in Figure 20b. 
Additional opto-isolators could also be used on the con- 
trol output and special signal lines. 


The other circuits assume that input signals are already 
at TIL levels. Figure 20c uses octal three-state butTers 
enabled by active-low scan signals to gate eight signals 
onto Port O. Port 0 is available for memory expansion 
or peripheral chip interfacing between sensor matrix 
scans. Eight-to-one multiplexers in Figure 20d select 
one of eight inputs for each return line as determined 
by encoded address bits output on three pins of Port 1. 
(Five more output pins are thus freed for more control 
functions.) Each output can drive at least one standard 
TIL 
or up to 10 low-power TIL 
loads without addi- 
tional butTering. 


Going back to the original matrix circuit, Figure 21 
shows the method used to scan the sensor matrix. Two 
complete bit maps are maintained in the bit-addressable 
region of the RAM: one for the current state and one 
for the previous state read for each sensor. If the need 
arises, the program could then sense input transitions 
and or debounce contact closures by comparing each 
bit with its earlier value. 


The code in Example 3 implements the scanning algo- 
rithm for the circuits in Figure 208. Each column is 
enabled by setting a single bit in a field of zeroes. The 
bit maps are positive logic: ones represent contacts that 
are closed or isolators turned on. 


Example 
3. 
INPUT_SCAN: 


MOV RO,#20H 


MOV Rl,#28H 


MOV A,#80H 


SCAN; 
MOV Pl,A 


NOV A,PO 


XCH A,@RO 


INC 
RO 
INC 
Rl 
MOV A,R2 


;SUBROUTINE 
TO READ 
;CURRENT STATE 
;OF 64 
SENSORS 
AND 
;SAVE 
IN 
RAM 20H-27H 


;INITIALIZE 
;POINTERS 
;FOR BIT 
MAP 
;BASES 
;SET 
FIRST 
BIT 
;IN 
ACC 
;OUTPUT 
TO SCAN 
;LINES 
;SHIFT 
TO ENABLE 
;NEXT COLUMN 
;NEXT 
;REMEMBER CUR- 
;RENT 
SCAN 
;POSITION 
;READ RETURN 
;LINES 
;SWITCH 
WITH 
;PREVIOUS 
MAP 
;BITS 
;SAVE PREVIOUS 
;STATE 
AS WELL 
;BUMP POINTERS 


;RELOAD SCAN 
;LINE 
MASK 
JNB ACC,7;SCAN;LOOP 
UNTIL 
ALL 
;EIGHT 
COLUMNS 
;READ 


inter 
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a.) Using Switch Contact/Diode 
Matrix 


Figure 20. Sensor Matrix Implementation 
Methods 
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b.) Using Optically-Coupled 
Isolators 


Figure 20. Sensor 
Matrix Implementation 
Methods 
(Continued) 
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c.) Using TTL Three-State 
Buffers 


Figure 20. Sensor Matrix Implementation 
Methods 
(Continued) 


inter 
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d.} Using TTL Data Selectors 


Figure 20. Sensor Matrix Implementation 
Methods 
(Continued) 
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Figure 21. Flowchart for 
Reading In Sensor Matrix 


What happens after the sensors have been scanned de- 
pends on the individual application. Rather than in- 


venting some artificial design problem, software corre- 
sponding to commonplace logic elements will be dis- 
cussed. 


Combinatorial Output 
Variables. An output 
variable 
which is a simple (or not so simple) combinational 
function of several input variables is computed in the 
spirit of Design Example 3. All 64 inputs are represent- 
ed in the bit maps: in fact, the sensor numbers in Figure 
20 correspond to the absolute bit addresses in RAMI 
The code in Example 4 activates an actuator connected 
to P2.2 when sensors 12, 23, and 34 are closed and 
sensors 45 and 56 are open. 


Example 4. 
Simple Combinatorial Output Variables. 


;SET P2.2=(12) (23)(34) ( 45) ( 56) 


.MOV C,12 
ANL C,23 
ANL C,34 
ANL C, 45 
ANL C, 56 
MOV P2.2,C 


Intermediate 
Variables. The examination of a typical 


relay-logic ladder diagram will show that many of the 
rungs control not outputs but rather relays whose con- 
tacts figure into the computation of other functions. In 
effect, these relays indicate the state of intermediate 
variables of a computation. 


The MCS-5l solution can use any directly addressable 
bit for the storage of such intermediate variables. Even 
when all 128 bits of the RAM array are dedicated (to 
input bit maps in this example), the accumulator, PSW, 
and B register provide 18 additional flags for intermedi- 
ate variables. 


For example, suppose switches 0 through 3 control a 
safety interlock system. Closing any of them should de- 
activate certain outputs. Figure 22 is a ladder diagram 
for this situation. The interlock function could be re- 
computed for every output affected, or it may be com- 
puted once and save (as implied by the diagram). As 
the program proceeds this bit can qualify each output. 


inter 


Example 5. Incorporating Override signal into actu- 
ator outputs. 


CALL INPUT-SCAN 
MOV C,O 
ORL C,l 
ORL C,2 
ORL C,3 
MOV FO,C 


ANL C, FO 
MOV PLO,C 


ANL C, FO 
MOV Pl,l,C 


ANL C, FO 
MOV Pl,2,C 


Figure 22. Ladder Diagram for 
Output Override Circuitry 


Latching Relays. A latching relay can be forced into 
either the ON or OFF state by two corresponding input 
signals, where it will remain until forced onto the oppo- 
site state-analogous 
to a TIL Set/Reset flip-flop. The 


relay is used as an intermediate variable for other calcu- 
lations. In the previous example, the emergency condi- 
tion could be remembered and remain active until an 
"emergency cleared" button is pressed. 


Any flag or addressable bit may represent a latching 
relay with a few lines of code (see Example 6). 


;I_SET SET FLAG 0 IF C=l 
LSET: 
ORL C,FO 
MOV FO,C 


;I_RSET RESET FLAG 0 IF C=l 
LRSET: 
CPS C 
ANL C,FO 
MOV FO,C 


Time Delay Relays. A time delay relay does not re- 
spond to an input signal until it has been present (or 
absent) for some predefined time. For example, a bal- 
last or load resistor may be switched in series with a 
D.C. motor when it is first turned on, and shunted from 
the circuit after one second. This sort of time delay may 
be simulated by an interrupt routine driven by one of 
the two 8051 timer counters. The procedure followed 
by the routine depends heavily on the details of the 
exact function needed: time-outs or time delays with 
resettable or non-resettable inputs are possible. If the 
interrupt routine is executed every 10 milliseconds the 
code in Example 7 will clear an intermediate variable 
set by the background program after it has been active 
for two seconds. 


Example 7. Code to clear USRFLG after a fixed 
time delay. 


JNB 
USR_FLG,NXTTST 


DJNZ DLAY_COUNT,NXTTST 
CLR 
USR_FLG 
MOV 
DLAY_COUNT,#200 


inter 


Serial Interface to Remote Processor. When it detects 
emergency 
conditions 
represented 
by certain 
input 
combinations (such as the earlier Emergency Override), 
the controller could shut down the machine immediate- 
ly and/or 
alert the host processor via the serial port. 
Code bytes indicating the nature of the problem could 
be transmitted to a central computer. In fact, at 17,000 
bytes-per-second, the entire contents of both bit maps 
could be sent to the host processor for further analysis 
in less than a millisecond! If the host decides that con- 
ditions warrant, it could alert other remote processors 
in the system that a problem exists and specify which 
shut-down sequence each should initiate. For more in- 
formation on using the serial port, consult the MCS-51 
User's Manual. 


One difference between relay and programmed indus- 
trial controllers (when each is considered as a "black 
box") is their respective reaction times to input chang- 
es. As reflected by a ladder diagram, relay systems con- 
tain a large number of "rungs" operating in parallel. A 
change in input 
conditions 
will begin propagating 
through the system immediately, possibly affecting the 
output state within milliseconds. 


Software, on the other hand, operates sequentially. A 
change in input states will not be detected until the next 
time an input scan is performed, and will not affect the 
outputs until that section of the program is reached. 
For that reason the raw speed of computing the logical 
functions is of extreme importance. 


Here the Boolean processor pays off. Every instruction 
mentioned in this Note completes in one or two micro- 
seconds-the 
minimum 
instruction execution time for 
many other microcontrollers! A ladder diagram con- 
taining a hundred rungs, with an average of four con- 
tacts per rung can be replaced by approximately five 
hundred lines of software. A complete pass through the 
entire matrix scanning routine and all computations 
would require about a millisecond: less than the time it 
takes for most relays to change state. 


A programmed controller which simulates each Boole- 
an function with a subroutine would be less efficient by 
at least an order of magnitude. Extra software is needed 
for the simulation routines, and each step takes longer 
to execute for three reasons: several byte-wide logical 
instructions are executed per user program step (rather 
than one Boolean operation): most of those instructions 
take longer to execute with microprocessors performing 
multiple off-chip accesses: and calling and returning 
from the various subroutines 
requires overhead for 
stack operations. 


In fact, the speed of the Boolean Processor solution is 
likely to be much faster than the system requires. The 
CPU might use the time left over to compute feedback 
parameters, 
collect and analyze execution statistics, 
perform system diagnostics, and so forth. 


With the building-block basics mentioned above many 
more operations may be synthesized by short instruc- 
tion sequences. 


Exclusive-OR. There are no common mechanical devic- 
es or relays analogous to the Exclusive-OR operation, 
so this instruction 
was omitted 
from the Boolean 
Processor. However, the Exclusive-OR or Exclusive- 
NOR operation may be performed in two instructions 
by conditionally complementing the carry or a Boolean 
variable based on the state of any other testable bit. 


;EXCLUSIVE-;OR 
FUNCTION 
IMPOSED 
ON 
CARRY 
;USING 
FO 
IS INPUT 
VARIABLE. 
;XOR_FO: 
JNB 
FO,XORCNT 
;("JB" 
FOR 
X-NOR) 
CPL 
C 
;XORCNT: 
••• 
••••• 


XCH. The contents of the carry and some other bit may 
be exchanged (switched) by using the accumulator as 
temporary storage. Bits can be moved into and out of 
the 
accumulator 
simultaneously 
using 
the 
Rotate- 


through-carry instructions, though this would alter the 
accumulator data. 


;EXCHANGE CARRY WITH USRFLG 
XCHBIT: RLC 
A 
MOV 
C,USR_FLG 
RRC 
A 
MOV 
USR_FLG,C 
RLC 
A 


Extended Bit Addressing. The 8051 can directly address 
144 general-purpose bits for all instructions in Figure 
3b. Similar operations may be extended to any bit any- 
where on the chip with some loss of efficiency. 


The logical operations AND, OR, and Exclusive-OR 
are performed on byte variables using six different ad- 
dressing modes, one of which lets the source be an im- 
mediate mask, and the destination any directly address- 
able byte. Any bit may thus be set, cleared, or comple- 
mented with a three-byte, two-cycle instruction if the 
mask has all bits but one set or cleared. 


Byte variables, registers, and indirectly addressed RAM 
may be moved to a bit addressable register (usually the 
accumulator) in one instruction. Once transferred, the 
bits may be tested with a conditional jump, allowing 
any bit to be polled in 3 microseconds-still 
much fast- 


er than most architectures-or 
used for logical calcula- 


tions. (This technique can also simulate additional bit 
addressing modes with byte operations.) 


Parity of bytes or bits. The parity of the current accu- 
mulator contents is always available in the PSW, from 
whence it may be moved to the carry and further 
processed. Error-correcting Hamming codes and simi- 
lar applications require computing parity on groups of 
isolated bits. This can be done by conditionally comple- 
menting the carry flag based on those bits or by gather- 
ing the bits into the accumulator (as shown in the DES 
example) and then testing the parallel parity flag. 


Multiple byte shift and eRe codes 


Though the 8051 serial port can accommodate eight- or 
nine-bit data transmissions, 
some protocols 
involve 


much longer bit streams. The algorithms presented in 


Design Example 2 can be extended quite readily to 16 
or more bits by using multi-byte input and output buff- 
ers. 


Many mass data storage peripherals and serial commu- 
nications protocols include Cyclic Redundancy (CRC) 
codes to verify data integrity. The function is generally 
computed serially by hardware using shift registers and 
Exclusive-OR gates, but it can be done with software. 
As each bit is received into the carry, appropriate bits 
in the multi-byte data buffer are conditionally comple- 
mented based on the incoming data bit. When finished, 
the CRC register contents may be checked for zero by 
ORing the two bytes in the accumulator. 


A truly unique facet of the Intel MCS-5l microcomput- 
er family design is the collection of features optimized 
for the one-bit operations so often desired in real-world, 
real-time control applications. Included are 17 special 
instructions, a Boolean accumulator, implicit and direct 
addressing modes, program and mass data storage, and 
many I/O options. These are the world's first single- 
chip microcomputers able to efficiently manipulate, op- 
erate on, and transfer either bytes or individual bits as 
data. 


This Application 
Note has detailed the information 


needed by a microcomputer system designer to make 
full use of these capabilities. Five design examples were 
used to contrast the solutions allowed by the 8051 and 
those required by previous architectures. Depending on 
the individual application, the 8051 solution will be eas- 
ier to design, more reliable to implement, debug, and 
verify, use less program memory, and run up to an or- 
der of magnitude faster than the same function imple- 
mented on previous digital computer architectures. 


Combining byte- and bit-handling capabilities in a sin- 
gle microcomputer has a strong synergistic effect: the 
power of the result exceeds the power of byte- and bit- 
processors laboring individually. Virtually all user ap- 
plications will benefit in some way from this duality. 
Data intensive applications will use bit addressing for 
test pin monitoring or program control flags: control 
applications will use byte manipulation for parallel I/O 
expansion or arithmetic calculations. 


It is hoped that these design examples give the reader 
an appreciation of these unique features and suggest 
ways to exploit them in his or her own application. 
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PIN ·DECLARATIONS: 
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INPUTS 
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R_TURN 
BIT 
PI 
4 
TURN 
LEVER 
UP 


OUTPUT 
PIN 
DECLARATIONS: 


(ALL 
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LOC 
OB..I 
LINE 
SOURCE 
I Il 
49 
ORQ 
OOOCH 
RESET 
VECTOR 
0000 
020040 
50 
L..IMP 
INIT 
51 
OOOB 
52 
ORQ 
ooOBH 
TIMER 
0 SERVICE 
VECTOR 
c: 
OOOB 
758CFO 
53 
MOV 
THO ••-Ib 
HIQH 
TIMER 
BYTE 
AD..IUSTED TO CONTROL 
INT 
RATE 
OOOE 
CODO 
54 
PUSH 
PSW 
EXECUTE 
CODE 
TO 
SAVE 
ANY 
REQISTERS 
USED 
BELOW 
rn 


0010 
0154 
55 
A..IMP 
UPDATE 
(CONTINUE 
WITH 
REST 
OF 
ROUTINEl 
Z 
5b 
C) 
0040 
57 
ORQ 
0040H 
-t 
0040 
758AOO 
58 
INIT 
MOV 
TLO ••O 
ZERO 
LOADED 
INTO 
LOW-ORDER 
BYTE 
AND 
:r: 
0043 
758CFO 
59 
MOV 
THO ••-lb 
-Ib 
IN HIQH-ORDER 
BYTE 
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4 MSEC 
PERIOD 
m 
004b 
7589bl 
bO 
MOV 
TMOD .•OIIOOOOIB 
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AUTO 
RELOAD 
COUNTER 
MODE 
FOR 
TIMER 
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Z 
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Ib-OIT 
TIMER 
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-t 
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b2 
MOV 
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70 
MOV 
SUB_DIV ••244 
GET 
VALUE 
FOR 
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ONE 
SECOND 
DELAY 
AND 
I 
CD 
71 
GO 
THROUGH 
ELECTRICAL 
SYSTEM 
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CODE: 
0 
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R_FRNT 
- . . 
R FRNT. 
I, 
r 
• 
Z 
0077 
200413 
84 
JB 
TO. FAULT 
r 
, 
C) 
007A 
D29b 
85 
SETO 
R_FRNT 
(j: \~ 
007C 
C2AO 
8b 
CLR 
R_DASH 
R_DASH. 
0 
007E 
20B40C 
87 
..IB 
TO. FAULT 
I 
~ 
0081 
D2AO 
88 
SETB 
R_DASH 
l. . ~ 
, 
."~ 
0083 
C2A2 
89 
CLR 
R_REAR 
; . 
- '. 
AND 
R_.REAR 
2:! 
0085 
20B405 
90 
JB 
TO. FAULT 
r 
I- 


0088 
D2A2 
91 
SETB 
R_REAR 
C 
92 
-t 


93 
WITH 
ALL 
COLLECTORS 
QROUNDED. 
TO 
SHOULD 
OE 
HIGH 
;;; 


94 
IF SO. 
CONTINUE 
WITH 
INTERRUPT 
ROUTINE_ 
rn 
95 
; 


008A 
;!OD402 
'lib 
JB 
TO. TOSERV 


0080 
B2A3 
97 
FAULT: 
CPL 
S_FAIL 
ELECTRICAL 
FAILURE 
PROCESSINCl 
ROUTINE 
98 
(TOQQLE 
INDICATOR 
ONCE 
PER 
SECOND) 
99 
+1 
SEJECT 
270656-27 


-- 
LOC 
OBJ 
LINE 
SOURCE 
I I cf 
100 
CONTINUE 
WITH 
INTERRUPT 
PROCESSINQ: 


101 
102 
1) 
COMPUTE 
LOW 
BULB 
INTENSITY 
WHEN 
PARKINQ 
LIQHTS 
ARE 
ON. 


103 
OOBF 
A201 
104 
TOSERII: 
1'1011 
C. SUB_DIll 
I 
START 
WITH 
50 
PERCENT. 
C 
00'i'1B200 
105 
ANL 
C.SUB_DIII 
0 
MASK 
DOWN 
TO 
25 
PERCENT. 
en 
00'i'3 7202 
106 
OftL 
C. SUB_DIll 
2 
BUILD 
BACK 
TO 
62. 5 PERCENT, 
Z 
00'i'5B2'i'2 
107 
ANL 
C.PARK 
QATE 
WITH 
PARKINQ 
LIGHT 
SWITCH. 
Ci) 
00'i'7 'i'2DI 
lOB 
I'IOV 
DIM.C 
AND 
SAllE IN 
TEMP. 
VARIABLE. 
-t 
10'i' 
X 
110 
2) 
COMPUTE 
AND 
OUTPUT 
LEFT-HAND 
DASHBOARD 
INDICATOR 
rn 
III 
Z 
00'i''i' 
A2'i'3 
112 
I10V 
C. L_TURN 
SET 
CARRY 
IF 
TURN 
OO'i'B 72'i'1 
113 
ORL 
C.EMERG 
; 
OR 
EMERGENCY 
SELECTED. 
-trn 
OO'i'D B207 
114 
ANL 
C.LO_FRECl 
IF 
SO. 
GATE 
IN 
I HZ 
SIGNAL 
r- 
OO'i'F 'i'2'i'7 
115 
MOV 
L_DASH. 
C 
AND 
OUTPUT 
TO 
DASHBOARD. 
i: 
116 
117 
3) 
COMPUTE 
AND 
OUTPUT 
LEFT-HAND 
FRONT 
TURN 
SIGNAL. 
0 
en 
11B 
<8 
OOAI 
'i'2D5 
11'i' 
MOV 
FO.C 
SAVE 
FUNCTION 
SO 
FAR. 
0 
00A3 
7201 
120 
ORL 
C.DIM 
ADD 
IN 
PARKING 
LIGHT 
FUNCTION 
CI'I-0. 
00A5 
'i'2'i'5 
121 
MOV 
L]RNT.C 
; 
AND 
OUTPUT 
TO 
TURN 
SIQNAL. 
OJ 
122 
0 
123 
4) 
COMPUTE 
AND 
OUTPUT 
LEFT-HAND 
REAR 
TURN 
SIQNAL. 
0 
....• 
I 


124 
j.. 
r- 
00A7 
A2?0 
125 
I'IOV 
C.BRAKE 
QATE 
BRAKE 
PEDAL 
SWITCH 
rn 
Co) 
OOA? 
BO'13 
126 
ANL 
C./L_TURN 
W lTH 
TURN 
LEVER. 
~ 
OOAB 
72D5 
127 
ORL 
C.FO 
INCLUDE 
TEMP. 
VARIABLE 
FROM 
DASH 
Z 
OOAD 
72DI 
12B 
ORL 
C.DIM 
AND 
PARKINQ 
LIQHT 
FUNCTION 
'1J 
OOAF 
?2AI 
12'1 
MOV 
L_REAR. 
C 
AND 
OUTPUT 
TO 
TURN 
SIQNAL. 
:JJ 
130 
0 
131 
5) 
REPEAT 
ALL 
OF 
ABOIIE 
FOR 
RIQHT-HAND 
COUNTERPARTS. 
0 
132 
rn 
OOBI 
A2?4 
133 
MOil 
C. R_TURN 
SET 
CARRY 
IF 
TURN 
en 
00B3 
72'11 
134 
ORL 
C.EMERQ 
OR 
EMERGENCY 
SELECTED. 
en 
00B5 
B207 
135 
ANL 
C.LO]RECl 
IF 
SO. 
GATE 
IN 
I HZ 
SIGNAL 
Z 
OOB7 
'i'2AO 
136 
I'IOV 
R_DASH. 
C 
AND 
OUTPUT 
TO 
DASHBOARD. 
Ci) 
OOB'i'?2D5 
137 
MOV 
FO.C 
SAllE FUNCTION 
SO 
FAR. 
0 
ooBB 
72DI 
138 
ORL 
C.DIM 
ADD 
IN 
PARKING 
LIQHT 
FUNCTION 
~ 
OOBD 
?2'i'6 
13'1 
I10V 
R_FRNT. 
C 
AND 
OUTPUT 
TO 
TURN 
SIGNAL. 
'1J 
OOBF 
A2'i'0 
140 
MOV 
C.BRAKE 
GATE 
BRAKE 
PEDAL 
SWITCH 
~ 
OOCI 
BO?4 
141 
ANL 
C./R_TURN 
WITH 
TURN 
LEVER. 
OJ 
OOC3 
7205 
142 
OftL 
C.FO 
INCLUDE 
TEMP. 
VARIABLE 
FROM 
DA9t 
, 
;:: 
00C5 
7201 
143 
ORL 
C.DIM 
AND 
PARKING 
LIGHT 
FUNCTION 
::::j 
00C7 
'i'2A2 
144 
MOV 
R_REAR. 
C 
AND 
OUTPUT 
TO 
TURN 
SIGNAL. 
m 
145 
146 
RESTORE 
STATUS 
REGISTER 
AND 
RETURN 
en 


147 
OOC'I DODO 
14B 
POP 
PSW 
RESTORE 
PSW 
OOCB 
32 
14'1 
RETI 
AND 
RETURN 
FROM 
INTERRUPT 
ROUTINE 
150 
; 
:51 
END 
270656-28 
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HARDWARE DESCRIPTION 
OF THE 8051, 8052 AND 80C51 


• The EPROM 
versions of the SOSIAH, SOS2AH, 
and SOCSlBH 
This chapter presents a comprehensive description of 
the on-chip hardware features of the MCS~-Sl 
micro- 
controllers. Included in this description are 
• The port drivers and how they function both as 
ports and, for Ports 0 and 2, in bus operations 


• The Timer/Counters 
• The Serial Interface 
• The Interrupt System 


• Reset 
• The Reduced Power Modes in the CHMOS devices 


The devices under consideration are listed in Table 1. 
As it becomes unwieldy to be constantly referring to 
each of these devices by their individual names, we will 
adopt a convention of referring to them generically as 
SOSisand SOS2s,unless a specific member of the group 
is being referred to, in which case it will be specifically 
named. The "SOSis" include the SOSl, SOSlAH, and 
SOCSlBH, and their ROMless and EPROM versions. 
The "SOS2s" are the SOS2AH, S032AH, and S7S2BH. 


Figure I shows a functional block diagram of the SOSls 
and SOS2s. 


Device 
ROMless 
EPROM 
ROM 
RAM 
16·blt 
Ckt 
Name 
Version 
Version 
Bytes 
Bytes 
Timers 
Type 


8051 
8031 
(8751) 
4K 
128 
2 
HMOS 
8051AH 
8031AH 
8751H 
4K 
128 
2 
HMOS 
8052AH 
8032AH 
8752BH 
8K 
256 
3 
HMOS 
80C51BH 
80C31BH 
87C51 
4K 
128 
2 
CHMOS 


A map of the on-chip memory area called SFR (Special Function Register) space is shown in Figure 2. SFRs marked 
by parentheses are resident in the SOS2sbut not in the SOSls. 


r-------- 
~r 


PSEN 


ALE 
EX 


AST 


------------,I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
______ 
..J 
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8 Bytes 


S 


ACC 


PSW 
(T2CON) 
(RCAP2L) 
(RCAP2H) 
(TL2) 
(TH2) 


IP 
P3 


IE 
P2 
SCON 
SSUF 
P1 
TCON 
TMOD 
TLO 
TL1 
THO 
TH1 
PO 
SP 
DPL 
DPH 
PCON 


Note that not all of the addresses are occupied. Unoc- 
cupied addresses are not implemented on the chip. 
Read accesses to these addresses will in general return 
random data, and write accesses will have no effect. 


User software should not write Is to these unimple- 
mented locations, since they may be used in future 
MCS-51 products to invoke new features. In that case 
the reset or inactive values of the new bits will always 
be 0, and their active values will be 1. 
. 


The functions of the SFRs are outlined below. 


ACC is the Accumulator register. The mnemonics for 
Accumulator-Specific 
instructions, 
however, refer to 
the Accumulator simply as A. 


B REGISTER 


The B register is used during multiply and divide oper- 
ations. For other instructions it can be treated as anoth- 
er scratch pad register. 


The PSW register contains program status information 
as detailed in Figure 3. 


The Stack Pointer Register is 8 bits wide. It is incre- 
mented before data is stored during PUSH and CALL 
executions. While the stack may reside anywhere in on- 
chip RAM, the Stack Pointer is initialized to 07H after 
a reset. This causes the stack to begin at location 08H. 


DATA 
POINTER 


The Data Pointer 
(DPTR) 
consists of a high byte 


. (DPH) and a low byte (DPL). Its intended function is 


to hold a 16-bit address. It may be manipulated as a 
16-bit register or as two independent 8-bit registers. 


PO, PI, P2 and P3 are the SFR latches of Ports 0, 1,2 
and 3, respectively. 


The Serial Data Buffer is actually two separate regis- 
ters, a transmit buffer and a receive buffer register. 
When data is moved to SBUF, it goes to the transmit 
buffer where it is held for serial transmission. (Moving 
a byte to SBUF is what initiates the transmission.) 
When data is moved from SBUF, it comes from the 
receive buffer. 


TIMER 
REGISTERS 


Register pairs (THO, TLO), (THI, 
TLI), 
and (TH2, 
TL2) are the 16-bit Counting registers for Timer/Coun- 
ters 0, I, and 2, respectively. 


CAPTURE 
REGISTERS 


The register pair (RCAP2H, 
RCAP2L) are the Cap- 
ture registers for the Timer 2 "Capture Mode." In this 
mode, in response to a transition at the 8052's T2EX 
pin, TH2 and TL2 are copied into RCAP2H 
and 
RCAP2L. Timer 2 also has a 16-bit auto-reload mode, 
and RCAP2H and RCAP2L hold the reload value for 
this mode. More about Timer 2's features in a later 
section. 


Special Function 
Registers IP, IE, TMOD, 
TCON, 
T2CON, SCON, and PCON contain control and status 
bits for the interrupt system, the Timer/Counters, 
and 
the serial port. They are described in later sections. 
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(MSB) 


CY 


Symbol 
Position 


CY 
PSW.7 


AC 
PSW.6 


FO 
PSW.5 


RS1 
PSW.4 


RSO 
PSW.3 


Name 
and S1gnlllc8f1C1l 


Carry flag. 


Auxiliary 
Carry flag. 


(For BCD operations.) 


Flag 0 


(Available 
to the user for general 


purposes.) 


Register 
bank select 
control 
bits 1 & 


O. Set/cleared 
by software 
to 


determine 
working 
register 
bank (see 


Note). 


(LSB) 


P 
RSO 
OV 


Symbol 
Poaltlon 


OV 
PSW.2 


PSW.1 


P 
PSW.O 


Name 
and S1gnlflcaflCll 


Overflow 
flag. 


User definable 
flag. 


Parity flag. 


Set/ cleared 
by hardware 
each 


instruction 
cycle to indicate 
an oddl 


even number 
of "one" 
bits in the 


Accumulator, 
I.e., even 
parity. 


NOTE: 
The 
contents 
of (RS 1, RSO) enable 
the working 
register 
banks 
as 


follows: 


(O.O)-8ank 
0 
(0.1)-8ank 
1 
(1.0)-8ank 
2 
(1.1)-8ank 
3 


(OOH-07H) 
(08H-OFH) 
(10H-17H) 
(18H-1FH) 


AOOR/OATA 
REAO 
VCC 
LATCH 


INT. 
BUS 
WRITE 


WRITE 
TO 
LATCH 
TO 
LATCH 


READ 
PIN 


270252-2 
B. Port 1 Bit 
A. PortO Bit 
ALTERNATE 
OUTPUT 
FUNCTION 


READ 


READ 
LATCH 


LATCH 


INT. BUS 


INT. BUS 
WRITE 
TO 
WRITE 
LATCH 
TO 
LATCH 


READ 
ALTERNATE 


PIN 
INPUT 
FUNCTION 
270252-4 
C. Port 2 Bit 
D. Port 3 Bit 


Figure 4. 8051 Port Bit Latches and 1/0 Buffers 
·See Figure 5 for details of the internal pullup. 


PORT STRUCTURES 
AND 
OPERATION 


All four ports in the 8051 are bidirectional. Each con- 
sists of a latch (Special Function Registers PO through 
P3), an output driver, and an input butTer, 


The output drivers of Ports 0 and 2, and the input butT- 
ers of Port Q, are used in accesses to external memory. 
In this application, Port 0 outputs the low byte of the 


external memory address, time-multiplexed with the 
byte being written or read. Port 2 outputs the high byte 
of the external memory address when the address is 16 
bits wide. Otherwise the Port 2 pins continue to emit 
the P2 SFR content. 


All the Port 3 pins, and (in the 8052) two Port 1 pins 
are multifunctional. They are not only port pins, but 
also serve the functions of various special features as 
listed on the following page. 


inter 


Port Pin 
·P1.0 
Alternate 
Function 
T2 (Timer/Counter 
2 
external 
input) 
T2EX (Timer/Counter 
2 
Capture/Reload 
trigger) 
RXD (serial input port) 
TXD (serial output port) 
INTO (external 
interrupt) 
INT1 (external 
interrupt) 
TO (Timer/Counter 
0 external 
input) 
T1 (Timer/Counter 
1 external 
input) 
WR (external 
Data Memory 
write strobe) 
RD (external 
Data Memory 
read strobe) 


P3.0 
P3.1 
P3.2 
P3.3 
P3.4 


·Pl.O and Pl.I 
serve these alternate functions only on 
the 8052. 


The alternate functions can only be activated if the cor- 
responding bit latch in the port SFR contains a 1. Oth- 
erwise the port pin is stuck at O. 


Figure 4 shows a functional diagram of a typical bit 
latch and I/O buffer in each of the four ports. The bit 
latch (one bit in the port's SFR) is represented as a 
Type D flip-flop, which will clock in a value from the 
internal bus in response to a "write to latch" signal 
from the CPU. The Q output of the flip-flop is placed 
on the internal bus in response to a "read latch" signal 
from the CPU. The level of the port pin itself is placed 
on the internal bus in response to a "read pin" signal 
from the CPU. Some instructions that read a port acti- 
vate the "read latch" signal, and others activate the 
"read pin" signal. More about that later. 


As shown in Figure 4, the output drivers of Ports 0 and 
2 are switchable to an internal ADDR and ADDRI 
DATA bus by an internal CONTROL signal for use in 
external memory accesses. During external memory ac- 
cesses, the P2 SFR remains unchanged, but the POSFR 
gets Is written to it. 


Also shown in Figure 4, is that if a P3 bit latch contains 
a I, then the output level is controlled by the signal 
labeled "alternate output function." The actual P3,X 
pin level is always available to the pin's alternate input 
function, if any. 


Ports I, 2, and 3 have internal pullups. Port 0 has open 
drain outputs. Each I/O line can be independently used 
as an input or an output. (ports 0 and 2 may not be 
used as general purpose I/O when being used as the 


ADDRIDATA 
BUS). To be used as an input, the port 
bit latch must contain a I, which turns off the output 
driver FET. Then, for Ports I, 2, and 3, the pin is 
pulled high by the internal pullup, but can be pulled 
low by an external source. 


Port 0 differs in not having internal pullups. The pullup 
FET in the POoutput driver (see Figure 4) is used only 
when the Port is emitting Is during external memory 
accesses. Otherwise the pullup FET is off. Consequent- 
ly PO lines that are being used as output port lines are 
open drain. Writing a I to the bit latch leaves both 
output FETs off, so the pin floats. In that condition it 
can be used a high-impedance input. 


Because Ports I, 2, and 3 have fixed internal pullups 
they are sometimes called "quasi-bidirectional" 
ports. 
When configured as inputs they pull high and will 
source current (IlL, in the data sheets) when externally 
pulled low. Port 0, on the other hand, is considered 
"true" bidirectional, because when configured as an in- 
put it floats. 


All the port latches in the 8051 have Is written to them 
by the reset function. If a 0 is subsequently written to a 
port latch, it can be reconfigured as an input by writing 
a I to it. 


In the execution of an instruction that changes the val- 
ue in a port latch, the new value arrives at the latch 
during S6P2 of the fmal cycle of the instruction. How- 
ever, port latches are in fact sampled by their output 
buffers only during Phase I of any clock period. (Dur- 
ing Phase 2 the output buffer holds the value it saw 
during the previous Phase I). Consequently, the new 
value in the port latch won't actually appear at the 
output pin until the next Phase I, which will be at SIPI 
of the next machine cycle. See Figure 39 in the Internal 
Timing section. 


If the change requires a O-to-I transition in Port I, 2, or 
3, an additional pullup is turned on during SIPI and 
SIP2 of the cycle in which the transition occurs. This is 
done to increase the transition speed. The extra pullup 
can source about 100 times the current that the normal 
pullup can. It should be noted that the internal pullups 
are field-effect transistors, not linear resistors. The pull- 
up arrangements are shown in Figure 5. 


In HMOS versions of the 8051, the fixed part of the 
pullup is a depletion-mode 
transistor 
with the gate 
wired to the source. This transistor will allow the pin to 
source about 0.25 mA when shorted to ground. In 
parallel with the fixed pullup is an enhancement-mode 
transistor, which is activated during SI whenever the 
port bit does a O-to-I transition. During this interval, if 
the port pin is shorted to ground, this extra transistor 
will allow the pin to source an additional 30 mA. 


intJ 


2 OSC. PERIODS.i:r: 


A. HMOS Configuration. 
The enhancement mode transistor 
Is turned on for 2 osc. periods after Q makes a O-to-1 transition. 


Q 
FROM PORT 
LATCH 


B. CHMOS Configuration. 
pFET 1 Is turned on for 2 osc. periods after Q 
makes a O-to-1 transition. During this time, pFET 1 also turns on pFET 3 
through the inverter to form a latch which holds the 1. pFET 21s also on. 


Figure 5. Ports 1 And 3 HMOS And CHMOS Internal Pullup Configurations. 
Port 2 Is Similar Except That It Holds The Strong Pullup On While Emitting 
1s That Are Address Bits. (See Text, "Accessing 
External Memory".) 


In the CHMOS versions, the pullup consists of three 
pFETs. 
It should be noted that an n-channel FET 


(nFET) is turned on when a logical I is applied to its 
gate, and is turned ofTwhen a logical 0 is applied to its 
gate. A p-channel FET (pFET) is the opposite: it is on 
when its gate sees a 0, and ofTwhen its gate sees a I. 


pFET I in Figure 5 is the transistor that is turned on for 
2 oscillator periods after a O-to-I transition in the port 
latch. While it's on, it turns on pFET3 (a weak pull- 
up), through the inverter. This inverter and pFET form 
a latch which hold the I. 


Note that if the pin is emitting a I, a negative glitch on 
the pin from some external source can turn ofTpFET3, 
causing the pin to go into a float state. pFET2 is a very 
weak pullup which is on whenever the nFET is ofT,in 
traditional CMOS style. It's only about '1'0 the strength 
of pFET3. Its function is to restore a I to the pin in the 
event the pin had a 1 and lost it to a glitch. 


Port Loading and Interfacing 


The output bufTersof Ports 1,2, and 3 can each drive 4 
LS TTL inputs. These ports on HMOS versions can be 
driven in a normal manner by any TTL or NMOS cir- 
cuit. Both HMOS and CHMOS pins can be driven by 
open-collector and open-drain outputs, but note that 0- 
to-I transitions will not be fast. In the HMOS device, if 
the pin is driven by an open-collector output, a O-to-I 
transition will have to be driven by the relatively weak 
depletion mode FET in Figure 5(A). In the CHMOS 
device, an input 0 turns ofTpullup pFET3, leaving only 
the very weak pullup pFET2 to drive the transition. 


In external bus mode, Port 0 output bufTers can each 
drive 8 LS TTL inputs. As port pins, they require exter- 
nal pullups to drive any inputs. 
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Some instructions that read' a port read the latch and 
others read the pin. Which ones do which? The instruc- 
tions that read the latch rather than the pin are the ones 
that read a value, possibly change it, and then rewrite it 
to the latch. These are ca11ed"read-modify-write" 
in- 
structions. The instructions listed below are read-mod- 
ify-write instructions. When the destination operand is 
a port, or a port bit, these instructions read the latch 
rather than the pin: 
ANL 
(logical AND, e.g., ANL PI, A) 
ORL 
(logical OR, e.g., ORL P2, A) 
XRL 
(logical EX-OR, e.g., XRL P3, A) 
JBC 
Gump if bit = I and clear bit, e.g., 
JBC Pl.1, LABEL) 


(complement bit, e.g., CPL P3.0) 
(increment, e.g., INC P2) 
(decrement, e.g., DEC P2) 
(decrement and jump if not zero, e.g., 
DJNZ P3, LABEL) 
MOV, PX.Y, C (move carry bit to bit Y of Port X) 
CLR PX.Y 
(clear bit Y of Port X) 
SETB PX.Y 
(set bit Y of Port X) 


CPL 
INC 
DEC 
DJNZ 


It is not obvious that the last three instructions in this 
list are read-modify-write instructions, but they are. 
They read the port byte, all 8 bits, modify the addressed 
bit, then write the new byte back to the latch. 


The reason that read-modify-write instructions are di- 
rected to the latch rather than the pin is to avoid a 
possible misinterpretation 
of the voltage level at the 
pin. For example, a port bit might be used to drive the 
base of a transistor. When a I is written to the bit, the 
transistor is turned on. If the CPU then reads the same 
port bit at the pin rather than the latch, it will read the 
base voltage of the transistor and interpret it as a O. 
Reading the latch rather than the pin will return the 
correct value of J. 


Accesses to external memory are of two types: accesses 
to external Program Memory and accesses to external 
Data Mem~ccesses 
to external Program Memory 
use signal PSEN (program store enable) as the read 
strobe. Accesses to external Data Memory use RD or 
WR (alternate functions of P3.7 and P3.6) to strobe the 
memory. Refer to Figures 36 through 38 in the Internal 
Timing section. 


Fetches from external Program Memory always use a 
16-bit address. Accesses to external Data Memory can 
use either a 16-bit address (MOVX @DPTR) or an 
8-bit address (MOVX @Ri). 


Whenever a 16-bit address is used, the high byte of the 
address comes out on Port 2, where it is held for the 
duration of the read or write cycle. Note that the Port 2 
drivers use the strong pu11ups during the entire time 
that they are emitting address bits that are Is. This is 
during the execution of a MOVX @DPTR instruction. 
During this time the Port 2 latch (the Special Function 
Register) does not have to contain Is, and the contents 
of the Port 2 SFR are not modified. If the external 
memory cycle is not immediately followed by another 
external memory cycle, the undisturbed contents of the 
Port 2 SFR will reappear in the next cycle. 


If an 8-bit address is being used (MOVX @Ri), the 
contents of the Port 2 SFR remain at the Port 2 pins 
throughout the external memory cycle. This will facili- 
tate paging. 


In any case, the low byte of the address is time-multi- 
plexed with the data byte on Port O. The ADDRI 
DATA signal drives both FETs in the Port 0 output 
buffers. Thus, in this application the Port 0 pins are not 
open-drain outputs, and do not require external pull- 
ups. Signal ALE (Address Latch Enable) should be 
used to capture the address byte into an external latch. 
The address byte is valid at the negative transition of 
ALE. Then, in a write cycle, the data byte to be written 
appears on Port 0 just before WR is activated, and re- 
mains there until after WR is deactivated. In a read 
cycle, the incoming byte is accepted at Port 0 just be- 
fore the read strobe is deactivated. 


During any access to external memory, the CPU writes 
OFFH to the Port 0 latch (the Special Function Regis- 
ter), thus obliterating whatever information the Port 0 
SFR may have been holding. If the user writes to Port 0 
during an external memory fetch, the incoming code 
byte is corrupted. Therefore, do not write to Port 0 if 
external program memory is used. 


External Program Memory is accessed under two con- 
ditions: 
I) Whenever signal EA is active; or 
2) Whenever the program 
counter 
(PC) contains a 
number that is larger than OFFFH (IFFFH 
for the 
8052). 


This requires that the ROMless versions have EA wired 
low to enable the lower 4K (8K for the 8032) program 
bytes to be fetched from external memory. 


When the CPU is executing out of external Program 
Memory, a118 bits of Port 2 are dedicated to an output 
function and may not be used for general purpose I/O. 
During external program fetches they output the high 
byte of the PC. During this time the Port 2 drivers use 
the strong pu11upsto emit PC bits that are Is. 


The 8051 has two 16-bit Timer/Counter 
registers: Tim- 
er 0 and Timer 
J. The 8052 has these two plus one 


more: Timer 2. All three can be configured to operate 
either as timers or event counters. 


In the "Timer" 
function, the register is incremented 
every machine cycle. Thus, one can think of it as count- 
ing machine cycles. Since a machine cycle consists of 12 
oscillator periods, the count rate is 'I••of the oscillator 
frequency. 


In the "Counter" function, the register is incremented 
in response to a I-to-O transition at its corresponding 
external input pin, TO, TI or (in the 8052) T2. In this 
function, the external input is sampled during S5P2 of 
every machine cycle. When the samples show a high in 
one cycle and a low in the next cycle, the count is incre- 
mented. The new count value appears in the register 
during S3PI of the cycle following the one in which the 
transition was detected. Since it takes 2 machine cycles 
(24 oscillator periods) to recognize a I-to-O transition, 
the maximum count rate is 'I.. of the oscillator fre- 
quency. There are no restrictions on the duty cycle of 
the external input signal, but to ensure that a given 
level is sampled at least once before it changes, it 
should be held for at least one full machine cycle. 


In addition to the "Timer" 
or "Counter" 
selection, 
Timer 0 and Timer I have four operating modes from 
which to select. Timer 2, in the 8052, has three modes 
of operation: 
"Capture," 
"Auto-Reload" 
and "baud 
rate generator." 


These Timer/Counters 
are present in both the 8051 and 
the 8052. The "Timer" or "Counter" function is select- 
ed by control bits cif in the Special Function Register 
TMOD (Figure 6). These two Timer/Counters 
have 


(MSB)lGATE 


Gating 
control 
when 
set. Timer/Counter 
"x" 
is enabled 


only while 
"INTx" 
pin is high and "TRx" 
control 
pin is 


set. When 
cleared 
Timer 
"x" 
is enabled 
whenever 


"TRx" 
control 
bit is set. 


Timer 
or Counter 
Selector 
cleared 
for Timer 
operation 


(input from internal 
system 
clock). 
Set for Counter 


operation 
(input from "Tx" 
input pin). 


four operating modes, which are selected by bit-pairs 
(MI, MO) in TMOD. Modes 0, I, and 2 are the same 
for both Timer/Counters. 
Mode 3 is different. The four 
operating modes are described in the following text. 


Either Timer in Mode 0 is an 8-bit Counter with a 
divide-by-32 prescaler. This 13-bit timer is MCS-48 
compatible. Figure 7 shows the Mode 0 operation as it 
applies to Timer 1. 


In this mode, the Timer register is configured as a 
13-Bit register. As the count rolls over from allis to all 
Os, it sets the Timer in~errupt flag TFI. The cou.nted 
input is enabled to the Tuner when TRI = I and either 
GATE = 0 or INTI = 1. (Setting GATE = I allows 
the Timer to be controlled by external input INTI, to 
facilitate pulse width measurements.) TRI is a control 
bit in the Special Function Register TCON (Figure 8). 
GATE is in TMOD. 


The 13-Bit register consists of all 8 bits of TH I and the 
lower 5 bits of TLI. The upper 3 bits of TLl are inde- 
terminate and should be ignored. Setting the run flag 
(TR I) does not clear the registers. 


Mode 0 operation is the same for Timer 0 as for Timer 
1. Substitute TRO, TFO and INTO for the correspond- 
ing Timer I signals in Figure 7. There are two different 
GATE bits, one for Timer I (TMOD.7) and one for 
Timer 0 (TMOD.3). 


Mode I is the same as Mode 0, except that the Timer 
register is being run with all 16 bits. 


MO 1GATE 


(LSB) 


MO J 


OpereUng 
Mode 


8-bit Timer/Counter 
"THx" 
with "TLx" 
as 5·bit 


prescaler. 


16-bit Timer/Counter 
"THx" 
and "TLx" 
are 


cascaded; 
there 
is no prescaler. 


8-bit auto-reload 
Timer/Counter 
"THx" 
holds a 


value which 
is to be reloaded 
into "TLx" 
each 


time it overflows. 


(Timer 
0) TLO is an 8-bit Timer/Counter 


controlled 
by the standard 
Timer 
0 control 
bits. 


THO is an 8-bit timer only controlled 
by Timer 
1 


control 
bits. 


(Timer 
1) Timer/Counter 
1 stopped. 


inter 
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T1 PIN 
J 


(MSB) 


TFl 


(LSB) 


ITO 


Symbol 
Poallton 
Name 
and Slgnlflcanca 
Symbol 
Poaltlon 
Name 
and Significance 


TFl 
TCON.? 
Timer 
1 overflow 
Flag. Set by 
IEl 
TCON.3 
Interrupt 
1 Edge flag. Set by hardware 
hardware 
on Timer/Counter 
overflow. 
when external 
interrupt 
edge 
Cleared 
by hardware 
when 
processor 
detected. 
Cleared 
when 
interrupt 
vectors 
to interrupt 
routine. 
processed. 


TRl 
TCON.6 
Timer 
1 Run control 
bit. Sel/cleared 
ITl 
TCON.2 
Interrupt 
1 Type control 
bit. Sel/ 
by software 
to turn Timer/Counter 
on/ 
cleared 
by software 
to specify 
falling 
off. 
edge/low 
level triggered 
external 


TFO 
TCON.S 
Timer 
0 overflow 
Flag. Set by 
interrupts. 


hardware 
on Timer/Counter 
overflow. 
IEO 
TCON.1 
Interrupt 
0 Edge flag. Set by hardware 
Cleared 
by hardware 
when 
processor 
when external 
interrupt 
edge 
vectors 
to interrupt 
routine. 
detected. 
Cleared 
when 
interrupt 


TRO 
TCONA 
Timer 
0 Run control 
bit. Sel/cleared 
processed. 


by software 
to turn Timer/Counter 
on/ 
ITO 
TCON.O 
Interrupt 
0 Type control 
bit. Sel/ 
off. 
cleared 
by software 
to specify 
falling 
edge/low 
levellriggered 
external 
interrupts. 


Mode 2 configures the Timer register as an 8-bit Coun- 
ter (TLI) with automatic reload, as shown in Figure 9. 
Overflow from TLI not only sets TFI, but also reloads 
TLi with the contents ofTHI, 
which is preset by soft- 
ware. The reload leaves THI unchanged. 


Timer I in Mode 3 simply holds its count. The effect is 
the same as setting TRI 
= O. 


Timer 0 in Mode 3 establishes TLO and THO as two 
separate counters. The logic for Mode 3 on Timer 0 is 
shown in Figure 10. TLO uses the Timer 0 control bits: 
cn, GATE, TRO, INTO, and TFO. THO is locked into 
a timer function (counting machine cycles) and takes 
over the use ofTRI 
and TFI from Timer I. Thus, THO 
now controls the "Timer I" interrupt. 


Mode 3 is provided for applications requiring an extra 
8-bit timer or counter. With Timer 0 in Mode 3, an 
8051 can look like it has three Timer/Counters, 
and an 
8052, like it has four. When Timer 0 is in Mode 3, 
Timer I can be turned on and off by switching it out of 
and into its own Mode 3, or can still be used by the 
serial port as a baud rate generator, or in fact, in any 
application not requiring an interrupt. 


inter 


I ose 
~B-1/1210se 


1/12 'ose 


Timer 2 is a 16-bit Timer/Counter which is present 
only in the 8052. Like Timers 0 and I, it can operate 
either as a timer or as an event counter. This is selected 
by bit CIT2 in the Special Function Register T2CON 
(Figure 11). It has three operating modes: "capture," 
"auto-load" and "baud rate generator," which are se- 
lected by bits in T2CON as shown in Table 2. 


RCLK + TCLK CP/RL2 
TR2 
Mode 


0 
0 
1 
16-bit Auto-Reload 
0 
1 
1 
16-bit Capture 
1 
X 
1 
Baud Rate Generator 


X 
• 
X 
0 
(off) 


(MSB) 


TF2 
EXF2 


Symbol 
Position 


TF2 
T2CON.7 


EXF2 
T2CON.6 


RCLK 
T2CON.5 


TCLK 
T2CON.4 


EXEN2 
T2CON.3 


TR2 
T2CON.2 


C/T2 
T2CON.1 


CP/RL2 
T2CON.O 


(LSB) 


CP/RL2 


Name 
and Significance 


Timer 
2 overflow 
flag set by a Timer 
2 overflow 
and must be cleared 
by software. 
TF2 will not be set when either 
RCLK = 1 or TCLK 
= 1. 


Timer 
2 external 
flag set when 
either 
a capture 
or reload 
is caused 
by a negative 
transition 
on T2EX and EXEN2 
~ 
1. When Timer 
2 interrupt 
is enabled, 
EXF2 
~ 
1 
will cause the CPU to vector 
to the Timer 
2 interrupt 
routine. 
EXF2 must be 
cleared 
by software. 


Receive 
clock flag. When set, causes 
the serial port to use Timer 
2 overflow 
pulses 
for its receive 
clock 
in Modes 
1 and 3. RCLK = 0 causes 
Timer 
1 overflow 
to be used for the receive 
clock. 


Transmit 
clock 
flag. When 
set, causes 
the serial port to use Timer 
2 overflow 
pulses 
for its transmit 
clock 
in modes 
1 and 3. TCLK = 0 causes 
Timer 
1 
overflows 
to be used for the transmit 
clock. 


Timer 
2 external 
enable 
flag. When 
set, allows 
a capture 
or reload 
to occur 
as a 
result of a negative 
transition 
on T2EX if Timer 
2 is not being 
used to clock 
the 
serial port. EXEN2 = 0 causes 
Timer 
2to 
ignore 
events 
at T2EX. 


Start/stop 
control 
for Timer 
2. A logic 1 starts the timer. 


Timer 
or counter 
select. 
(Timer 
2) 


0= 
Internaltimer 
(OSC/12) 


1 ~ 
External 
event 
counter 
(falling 
edge triggered). 


Capture/Reload 
flag. When 
set, captures 
will occur 
on negative 
transitions 
at 
T2EX 
if EXEN2 
= 1. When 
cleared, 
auto-reloads 
will occur 
either with Timer 
2 
overflows 
or negative 
transitions 
at T2EX when 
EXEN2 
= 1. When 
either 
RCLK 
= 1 or TCLK = 1, this bit is ignored 
and the timer 
is forced 
to auto-reload 
on 
Timer 
2 overflow. 


In the Capture Mode there are two options which are 
selected by bit EXEN2 in T2CON. If EXEN2 = 0, 
then Timer 2 is a 16-bit timer or counter which upon 
overflowing sets bit TF2, the Timer 2 overflow bit, 
which can be used to generate an interrupt. If EXEN2 
= I, then Timer 2 still does the above, but with the 
added feature that a I-to-Otransition at external input 
TIEX causes the current value in the Timer 2 registers, 
TL2 and TH2, to be captured into registers RCAP2L 
and RCAP2H, respectively. (RCAP2L and RCAP2H 
are new Special Function Registers in the 8052.) In 
addition, the transition at T2EX causes bit EXF2 in 
T2CON to be set, and EXF2, like TF2, can generate an 
interrupt. 


In the auto-reload mode there are again two options, 
which are selected by bit EXEN2 in T2CON. If 
EXEN2 = 0, then when Timer 2 rolls over it not only 
sets TF2 but also causes the Timer 2 registers to be 
reloaded with the 16-bit value in registers RCAP2L 
and RCAP2H, which are preset by software. If EXEN2 
= I, then Timer 2 still does the above, but with the 


added feature that a I-to-Otransition at external input 
T2EX will also trigger the 16-bitreload and set EXF2. 


The baud rate generator mode is selected by RCLK = 
I and/or TCLK = 1. It will be described in conjunc- 
tion with the serial port. 


The serial port is full duplex, meaning it can transmit 
and receive simultaneously. It is also receive-buffered, 
meaning it can commence reception of a second byte 
before a previously received byte has been read from 
the receive register. (However, if the first byte still 
hasn't been read by the time reception of the second 
byte is complete, one of the bytes will be lost). The 
serial port receive and transmit registers are both ac- 
cessed at Special Function Register SBUF. Writing to 
SBUF loads the transmit register, and reading SBUF 
accessesa physically separate receive register. 


Mode 0: Serial data enters and exits through RXD. 
TXD outputs the shift clock. 8 bits are transmitted/re- 
ceived: 8 data bits (LSB first). The baud rate is fixed at 
1112 the oscillator frequency. 


Mode 1: 10 bits are transmitted (through TXD) or re- 
ceived (through RXD): a start bit (0), 8 data bits (LSB 
first), and a stop bit (1). On receive, the stop bit goes 
into RB8 in Special Function 
Register SCON. The 


baud rate is variable. 


Mode 2: II bits are transmitted (through TXD) or re- 
ceived (through RXD): a start bit (0), 8 data bits (LSB 
first), a programmable 9th data bit, and a stop bit (I). 
On Transmit, the 9th data bit (TB8 in SCON) can be 
assigned the value of 0 or I. Or, for example, the parity 
bit (P, in the PSW) could be moved into TB8. On re- 
ceive, the 9th data bit goes into RB8 in Special Functon 
Register SCON, while the stop bit is ignored. The baud 
rate is programmable to either '1.2 or '16. the oscillator 
frequency. 


Mode 3: II bits are transmitted (through TXD) or re- 
ceived (through RXD): a start bit (0), 8 data bits (LSB 
first), a programmable 9th data bit and a stop bit (I). In 
fact, Mode 3 is the same as Mode 2 in all respects 
except the baud rate. The baud rate in Mode 3 is vari- 
able. 


In all four modes, transmission is initiated by any in- 
struction that uses SBUF as a destination' register. Re- 
ception is initiated in Mode 0 by the condition RI = 0 
and REN 
= 
I. Reception is initiated in the other 


modes by the incoming start bit if REN = I. 


MUltiprocessor 
Communications 


Modes 2 and 3 have a special provision for multipro- 
cessor communications. In these modes, 9 data bits are 
received. The 9th one goes into RB8. Then comes a 
stop bit. The port can be programmed such that when 
the stop bit is received, the serial port interrupt will be 
activated only if RB8 = I. This feature is enabled by 
setting bit SM2 in SCON. A way to use this feature in 
multiprocessor systems is as follows. 


When the master processor wants to transmit a block of 
data to one of several slaves, it first sends out an ad- 
dress byte which identifies the target slave. An address 
byte differs from a data byte in that the 9th bit is I in an 
address byte and 0 in a data byte. With SM2 = 1, no 
slave will be interrupted by a data byte. An address 
byte, however, will interrupt all slaves, so that each 
slave can examine the received byte and see if it is being 
addressed. The addressed slave will clear its SM2 bit 
and prepare to receive the data bytes that will be com- 
ing. The slaves that weren't being addressed leave their 
SM2s set and go on about their business, ignoring the 
coming data bytes. 


SM2 has no effect in Mode 0, and in Mode I can be 
used to check the validity of the stop bit. In a Mode I 
reception, if SM2 = I, the receive interrupt will not be 
activated unless a valid stop bit is received. 


The serial port control and status register is the Special 
Function Register SCON, shown in Figure 14. This 
register contains not only the mode selection bits, but 
also the 9th data bit for transmit and receive (TB8 and 
RB8), and the serial port interrupt bits (TI and RI). 
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CONTROL 


EllEIG 


(MSB) 


SMO 
SM1 


(LSB) 


SM2 
REN 
TBB 
RBB 
TI 
RI 


SMO 
SM1 
o 
0 
o 
1 
1 
0 


1 


• 
SM2 


Mode 
Descrtptlon 
BaudRate 
o 
shift register 
fose/12 


1 
B·bit UART 
variable 


2 
9·bit UART 
fose/64 


or 


fosc/32 
3 
9-bit UART variable 


enables 
the multiprocessor 
communication 
feature 
in Modes 
2 and 3. In Mode 
2 or 3, if SM2 is 
set to 1 then RI will not be 
activated 
if the received 
9th data 
bit (RBB) is O. In Mode 
1, it 5M2 
= 1 then RI will not be activated 
if a valid stop bit was not 
received. 
In Mode 0, 5M2 
should 
beO. 


enables 
serial reception. 
Set by 
software 
to enable 
reception. 


Clear by software 
to disable 
reception. 


• 
TBB 
is the 9th data bit that will be 


transmitted 
in Modes 
2 and 3. Set or 


clear by software 
as desired. 


• 
RBB 
in Modes 
2 and 3, is the 9th data bit 


that was received. 
In Mode 
1, it 5M2 
= 0, RBB is the stop bit that was 


received. 
In Mode 
0, RBB is not used. 


• 
TI 
is transmit 
interrupt 
flag. Set by 


hardware 
at the end of the Bth bit time 


in Mode 0, or at the beginning 
of the 


stop bit in the other 
modes, 
in any 


serial transmission. 
Must be cleared 


by software. 


• 
RI 
is receive 
interrupt 
flag. Set by 


hardware 
at the end of the Bth bit time 


in Mode 0, or hallway 
through 
the stop 


bit time in the other 
modes, 
in any 


serial reception 
(except 
see 5M2). 


Must be cleared 
by software. 


2SMOD 
Mode 2 Baud Rate = ~ 
X(Oscillator Frequency) 


Mod 
Oscillator Frequency 
eO Baud Rate = -------- 
12 


The baud rate in Mode 2 depends on the value of bit 
SMOD in Special Function Register peON. 
If SMOD 
= 0 (which is the value on reset), the baud rate 'Ie. the 
oscillator frequency. If SMOD 
1, the baud rate is 
'/32 the oscillator frequency. 


In the 8051, the baud rates in Modes I and 3 are deter- 
mined by the Timer 1 overflow rate. In the 8052, these 
baud rates can be determined by Timer 1, or by Timer 
2, or by both (one for transmit and the other for re- 
ceive). 


inter 


Using Timer 
1 to Generate 
Baud Rates 


When Timer I is used as the baud rate generator, the 
baud rates in Modes I and 3 are determined by the 
Timer I overflow rate and the value of SMOD as fol- 
lows: 


Modes 1,3 
2SMOD 
Baud Rate = ----n- X (Timer I Overflow Rate) 


The Timer I interrupt should be disabled in this appli- 
cation. The Timer itself can be configured for either 
"timer" 
or "counter" 
operation, and in any of its 3 


running modes. In the most typical applications, it is 
configured for "timer" 
operation, in the auto-reload 


mode (high nibble of TMOD = 00lOB). In that case, 
the baud rate is given by the formula 


Modes I, 3 
2SMOD 
Oscillator Frequency 


Baud Rate = --- 
X -------- 
32 
12x [256 - (THI)] 


One can achieve very low baud rates with Timer I by 
leaving the Timer I interrupt enabled, and configuring 
the Timer to run as a 16-bit timer (high nibble of 
TMOD = OOOIB),and using the Timer I interrupt to 
do a 16-bit software reload. 


Figure 15 lists various commonly used baud rates and 
how they can be obtained from Timer I. 


Timer 1 
Baud Rate 
fose 
SMOD 
Reload 
elf 
Mode 
Value 


Mode 0 Max: 1 MHZ 
12 MHZ 
X 
X 
X 
X 
Mode 2 Max: 375K 
12 MHZ 
1 
X 
X 
X 
Modes 1, 3: 62.5K 
12 MHZ 
1 
0 
2 
FFH 
19.2K 
11.059 MHZ 
1 
0 
2 
FDH 
9.6K 
11.059 MHZ 
0 
0 
2 
FDH 
4.8K 
11.059 MHZ 
0 
0 
2 
FAH 
2.4K 
11.059 MHZ 
0 
0 
2 
F4H 
1.2K 
11.059 MHZ 
0 
0 
2 
E8H 
137.5 
11.986 MHZ 
0 
0 
2 
1DH 
110 
6MHZ 
0 
0 
2 
72H 


110 
12 MHZ 
0 
0 
1 
FEEBH 


Using Timer 
2 to Generate 
Baud Rates 


In the 8052, Timer 2 is selected as the baud rate genera- 
tor by setting TCLK and/or RCLK in T2CON (Figure 


II). Note then the baud rates for transmit and receive 
can be simultaneously different. Setting RCLK and/or 
TCLK puts Timer 2 into its baud rate generator mode, 
as shown in Figure 16. 
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Figure 16. Timer 21n Baud Rate Generator 
Mode 
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The baud rate generator mode is similar to the auto-re- 
load mode, in that a rollover in TH2 causes the Timer 2 
registers to be reloaded with the 16-bit value in registers 
RCAP2H and RCAP2L, which are preset by software. 


Now, the baud rates in Modes 1 and 3 are determined 
by Timer 2's overflow rate as follows: 


Timer 2 Overflow Rate 
Modes 1, 3 Baud Rate = -------- 
16 


The Timer can be configured for either "timer" 
or 
"counter" operation. In the most typical applications, it 
is configured for "timer" operation (Cm = 0). "Tim- 
er" operation is a little different for Timer 2 when it's 
being used as a baud rate generator. Normally, as a 
timer it would increment every machine cycle (thus at 
'/•• the oscillator frequency). As a baud rate generator, 
however, it increments every state time (thus at '/. the 
oscillator frequency). In that case the baud rate is given 
by the formula 


Modes 1, 3 
Oscillator Frequency 
Baud Rate = 32x [65536 - (RCAP2H, RCAP2L)] 


where 
(RCAP2H, 
RCAP2L) 
is 
the 
content 
of 
RCAP2H and RCAP2L taken as a 16-bit unsigned in- 
teger. 


Timer 2 as a baud rate generator is shown in Figure 16. 
This Figure is valid only if RCLK + TCLK 
= 1 in 
TICON. Note that a rollover in TH2 does not set TF2, 
and will not generate an interrupt. Therefore, the Timer 
2 interrupt does not have to be disabled when Timer 2 
is in the baud rate generator mode. Note too, that if 
EXEN2 is set, a 1-to-O transition in TIEX 
will set 
EXF2 but will not cause a reload from (RCAP2H, 
RCAP2L) to (TH2, TL2). Thus when Timer 2 is in use 
as a baud rate generator, T2EX can be used as an extra 
external interrupt, if desired. 


It should be noted that when Timer 2 is running (TR2 
= 1) in "timer" function in the baud rate generator 
mode, one should not try to read or write TH2 or TL2. 
Under these conditions the Timer is being incremented 
every state time, and the results of a read or write may 
not be accurate. The RCAP registers may be read, but 
shouldn't be written to, because a write might overlap a 
reload and cause write and/or reload errors. Turn the 
Timer off (clear TR2) before accessing the Timer 2 or 
RCAP registers, in this case. 


More About Mode 0 


Serial data enters and exits through RXD. TXD out- 
puts the shift clock. 8 bits are transmitted/received: 
8 
data bits (LSB first). The baud rate is fixed at '/•• the 
oscillator frequency. 


Figure 17 shows a simplified functional diagram of the 
serial port in Mode 0, and associated timing. 


Transmission is initiated by any instruction that uses 
SBUF as a destination register. The "write to SBUF" 
signal at S6P2 also loads a 1 into the 9th position of the 
transmit shift register and tells the TX Control block to 
commence a transmission. The internal timing is such 
that one full machine cycle will elapse between "write 
to SBUF," and activation of SEND. 


SEND enables the output of the shift register to the 
alternate output function line of P3.0, and also enables 
SHIFT CLOCK to the alternate output function line of 
P3.1. SHIFT CLOCK is low during S3, S4, and S5 of 
every machine cycle, and high during S6, SI and S2. At 
S6P2 of every machine cycle in which SEND is active, 
the contents of the transmit shift register are shifted to 
the right one position. 


As data bits shift out to the right, zeroes come in from 
the left. When the MSB of the data byte is at the output 
position of the shift register, then the 1 that was initial- 
ly loaded into the 9th position, is just to the left of the 
MSB, and all positions to the left of that contain zeroes. 
This condition flags the TX Control block to do one 
last shift and then deactivate SEND and set TI. Both of 
these actions occur at SIPl of the 10th machine cycle 
after "write to SBUF." 


Reception is initiated by the condition REN = 1 and 
Rl 
= O. At S6P2 of the next machine cycle, the RX 
Control unit writes the bits 11111110 to the receive 
shift register, and in the next clock phase activates RE- 
CEIVE. 


RECEIVE 
enables SHIFT CLOCK to the alternate 
output function line of P3.1. SHIFT CLOCK makes 
transitions at S3Pl and S6Pl of every machine cycle. 
At S6P2 of every machine cycle in which RECEIVE is 
active, the contents of the receive shift register are shift- 
ed to the left one position. The value that comes in 
from the right is the value that was sampled at the P3.0 
pin at S5P2 of the same machine cycle. 


As data bits come in from the right, Is shift out to the 
left. When the 0 that was initially loaded into the right- 
most position arrives at the leftmost position in the shift 
register, it flags the RX Control block to do one last 
shift and load SBUF. At SIPl 
of the 10th machine 
cycle after the write to SCON that cleared RI, RE- 
CEIVE is cleared and RI is set. 


More About Mode 1 
Ten bits are transmitted (through TXD), or received 
(through RXD): a start bit (0), 8 data bits (LSB first), 
and a stop bit (1). On receive, the stop bit goes into 
RB8 in SCON. In the 8051 the baud rate is determined 
by the Timer 1 overflow rate. In the 8052 it is deter- 
mined either by the Timer 1overflow rate, or the Timer 
2 overflow rate, or both (one for transmit and the other 
for receive). 


Figure 18 shows a simplified functional diagram of the 
serial port in Mode I, and associated timings for trans- 
mit receive. 
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Transmission is initiated by any instruction that uses 
SBUF as a destination register. The "write to SBUF' 
signal also loads a 1 into the 9th bit position of the 
transmit shift register and flags the TX Control unit 
that a transmission is requested. Transmission actually 
commences at SIPl of the machine cycle followingthe 
next rollover in the divide-by-16counter. (Thus, the bit 


times are synchronized to the divide-by-16counter, not 
to the "write to SBUF' signal). 


The transmission begins with activation of SEND, 
which puts the start bit at TXD. One bit time later, 
DATA is activated, which enables the output bit of the 
transmit shift register to TXD/fhe 
first shift pulse oc- 


curs one bit time after that. 


inter 


As data bits shift out to the right, zeroes are clocked in 
from the left. When the MSB of the data byte is at the 
output position of the shift register, then the I that was 
initially loaded into the 9th position is just to the left of 
the MSB, and all positions to the left of that contain 
zeroes. This condition flags the TX Control unit to do 
one last shift and then deactivate SEND and set n. 
This occurs at the 
10th divide-by-16 rollover after 
"write to SBUF." 


Reception is initiated by a detected I-to-o transition at 
RXD. For this purpose RXD is sampled at a rate of 16 
times whatever baud rate has been established. When a 
transition is detected, the divide-by-16 counter is imme- 
diately reset, and IFFH is written into the input shift 
register. Resetting the divide-by-16 counter aligns its 
rollovers with the boundaries of the incoming bit times. 


The 16 states of the counter divide each bit time into 
16ths. At the 7th, 8th, and 9th counter states of each bit 
time, the bit detector samples the value of RXD. The 
value accepted is the value that was seen in at least 2 of 
the 3 samples. This is done for noise rejection. If the 
value accepted during the first bit time is not 0, the 
receive circuits are reset and the unit goes back to look- 
ing for anoth~r l-tO-Otransition. This is to provide re- 
jection of false start bits. If the start bit proves valid, it 
is shifted into the input shift register, and reception of 
the rest of the frame will proceed. 


As data bits come in from the right, Is shift out to the 
left. When the start bit arrives at the leftmost position 
in the shift register, (which in mode I is a 9-bit regis- 
ter), it flags the RX Control block to do one last shift, 
load SBUF and RB8, and set RI. The signal to load 
SBUF and RB8, and to set RI, will be generated if, and 
only if, the following conditions are met at the time the 
fmal shift pulse is generated. 


1) RI = 0, and 
2) Either5M2 = 0, or the received stop bit = 1 


If either of these two conditions is not met, the received 
frame is irretrievably lost. If both conditions are met, 
the stop bit goes into RB8, the 8 data bits go into 
SBUF, and RI is activated. At this time, whether the 
above conditions are met or not, the unit goes back to 
looking for a I-to-O transition in RXD. 


Eleven bits are transmitted (through TXD), or received 
(through RXD): a start bit (0), 8 data bits (LSB first), a 
programmable 9th data bit, and a stop bit (I). On trans- 


mit, the 9th data bit (TB8) can be assigned the value of 
o or 1. On receive, the 9th data bit goes into RB8 in 
SCON. The baud rate is programmable to either Y•• or 
Ye4the oscillator frequency in Mode 2. Mode 3 may 
have a variable baud rate generated from either Timer 1 
or 2 depending on the state of TCLK and RCLK. 


Figures 19 and 20 show a functional diagram of the 
serial port in Modes 2 and 3. The receive portion is 
exactly the same as in Mode 1. The transmit portion 
differs from Mode I only in the 9th bit of the transmit 
shift register. 


Transmission is initiated by any instruction that uses 
SBUF as a destination register. The "write to SBUF" 
signal also loads TB8 into the 9th bit position of the 
transmit shift register and flags the TX Control unit 
that a transmission is requested. Transmission com- 
mences at SIPI of the machine cycle following the next 
rollover in the divide-by-16 counter. 
(Thus, the bit 
times are synchronized to the divide-by-16 counter, not 
to the "write to SBUF" signal.) 


The transmission 
begins with activation 
of SEND, 


which puts the start bit at TXD. One bit time later, 
DATA is activated, which enables the output bit of the 
transmit shift register to TXD. The first shift pulse oc- 
curs one bit time after that. The first shift clocks a 1 
(the stop bit) into the 9th bit position of the shift regis- 
ter. Thereafter, only zeroes are clocked in. Thus, as 
data bits shift out to the right, zeroes are clocked in 
from the left. When TB8 is at the output position of the 
shift register, then the stop bit is just to the left of TB8, 
and all positions to the left of that contain zeroes. This 
condition flags the TX Control unit to do one last shift 
and then deactivate SEND and set TI. This occurs at 
the 11th divide-by-16 rollover after "write to SBUF." 


Reception is initiated by a detected I-tO-Otransition at 
RXD. For this purpose RXD is sampled at a rate of 16 
times whatever baud rate has been established. When a 
transition is detected, the divide-by-16 counter is imme- 
diately reset, and IFFH 
is written to the input shift 
register. 


At the 7th, 8th and 9th counter states of each bit time, 
the bit detector samples the value of RXD. The value 
accepted is the value that was seen in at least 2 of the 3 
samples. If the value accepted during the first bit time 
is not 0, the receive circuits are reset and the unit goes 
back to looking for another 
I-to-O transition. 
If the 
start bit proves valid, it is shifted into the input shift 
register, and reception of the rest of the frame will pro- 
ceed. 
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As data bits come in from the right, Is shift out to the 
left. When the start bit arrives at the leftmost position 
in the shift register (which in Modes 2 and 3 is a 9-bit 
register), it flags the RX Control block to do one last 
shift, load SBUF and RB8, and set RI. The signal to 
load SBUF and RB8, and to set RI, will be generated if, 
and only if, the following conditions are met at the time 
the final shift pulse is generated: 


1) AI = 0, and 
2) Either8M2 = 0 or the received 9th data bit = 1 


If either of these conditions is not met, the received 
frame is irretrievably lost, and RI is not set. If both 
conditions are met, the received 9th data bit goes into 
RB8, and the first 8 data bits go into SBUF. One bit 
time later, whether the above conditions were met or 
not, the unit goes back to looking for a I-to-Otransition 
at the RXD input. 


Note that the value of the received stop bit is irrelevant 
to SBUF, RB8, or RI. 


The 8051 provides 5 interrupt sources. The 8052 pro- 
vides 6. These are shown in Figure 21. 


The External Interrupts INTO and INTI can ea~h be 
either level-activated or transition-activated, depending 
on bits ITO and ITI in Register TCON. The flags that 
actually generate these interrupts are bits IEO and lEI 
in TCON. When an external interrupt is generated, the 
flag that generated it is cleared by the hardware when 
the service routine is vectored to 0'W the interrupt 


was transition-activated. If the interrupt was level-acti- 
vated, then the external requesting source is what con- 
trols the request flag, rather than the on-chip hardware. 


The Timer 0 and Timer I Interrupts are generated by 
TFO and TFI, which are set by a rollover in their re- 
spective Timer/Counter 
registers (except see Timer 0 in 
Mode 3). When a timer interrupt is generated, the flag 
that generated it is cleared by the on-chip hardware 
when the service routine is vectored to. 


The Serial Port Interrupt is generated by the logical OR 
of RI and n. Neither of these flags is cleared by hard- 
ware when the service routine is vectored to. In fact, 
the service routine will normally have to determine 
whether it was RI or TI that generated the interrupt, 
and the bit will have to be cleared in software. 


In the 8052, the Timer 2 Interrupt is generated by the 
logical OR of TF2 and EXF2. Neither of these flags is 
cleared by hardware when the service routine is vec- 
tored to. In fact, the service routine may have to deter- 
mine whether it was TF2 or EXF2 that generated the 
interrupt, and the bit will have to be cleared in soft- 
ware. 


All of the bits that generate interrupts can be set or 
cleared by software, with the same result as though it 
had been set or cleared by hardware. That is, interrupts 
can be generated or pending interrupts can be canceled 
in software. 


(MSB) 
(lSB) 
I EA 1 - 
1821 
ES I En 1EX1I ETaI EXOI 
EnableBit ~ 1 enablesthe interrupt. 
EnableBit ~ 0 disablesit. 


Symbol 
Position 
Function 
EA 
IE.7 
disablesall interrupts.If EA = 0, no 
interruptwill be acknowledged.If EA 
= 1,eachinterruptsourceis 
individuallyenabledor disabledby 
seltingor clearingits enableM. 


1E.6 
reserved. 


ET2 
1E.5 
TImer2 interruptenablebit. 


ES 
lEA 
SerialPortinterruptenablebit. 


ET1 
1E.3 
Timer 1interruptenablebit. 


EX1 
1E.2 
Externalinterrupt1enablebit. 


ETO 
1E.1 
Timer0 interruptenablebit. 


EXO 
IE.O 
Externalinterrupt0 enablebit. 


Usersoftwareshouldneverwrite 1s to unimplementedbits, 
sincethey maybe usedin futureMeS-51products. 
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Each of these interrupt sources can be individually en- 
abled or disabled by setting or clearing a bit in Special 
Function Register IE (Figure 22). IE contains also a 
global disable bit, EA, which disables all interrupts at 
once. 


Note in Figure 22 that bit position IE.6 is unimple- 
mented. In the 805Is, bit position IE.5 is alsQunimple- 
mented. User software should not write Is to these bit 
positions, since they may be used in future MCS-51 
products. 


Each interrupt 
source can also be individually pro- 
grammed to one of two priority levels by setting or 
clearing a bit in Special Function Register IP (Figure 
23). A low-priority interrupt can itself be interrupted 
by a high-priority interrupt, but not by another low-pri- 
ority interrupt. A high-priority interrupt can't be inter- 
rupted by any other interrupt source. 


(MSB) 
(LSB) 
I - 
I - 
I PT21 PS I PT1I PX1I PTOI pxo I 


Symbol 
Position 
Function 
IP.7 
reserved 


IP.6 
reserved 


PT2 
IP.5 
Timer2 interruptprioritybit. 


PS 
IP.4 
SerialPortinterruptprioritybit. 


PT1 
IP.3 
Timer1 interruptprioritybit. 


PX1 
IP.2 
Externalinterrupt1 prioritybit. 


PTO 
IP.1 
Timer0 internuptprioritybit. 


PXO 
IP.O 
Externalinternupt0 prioritybit. 


Usersoftwareshouldneverwrite 1s to unimplementedbits, 
sincethey maybe usedin futureMCS-51products. 


If two requests of different priority levels are received 
simultaneously, the request of higher priority level is 
serviced. If requests of the same priority level are re- 


ceived simultaneously, an internal polling sequence de- 
termines which request is serviced. Thus within each 
priority level there is a second priority structure deter- 
mined by the polling sequence, as follows: 


Source 
IEO 
TFO 
IE1 
TF1 
AI +TI 
TF2 + EXF2 


Priority Within Level 


(highest) 


Note that the "priority within level" structure is only 
used to resolve simultaneous 
requests of the same priori- 


ty level. 


The IP register contains a number of unimplemented 
bits. IP.7 and IP.6 are vacant in the 8052s, and in the 
8051s these and IP.5 are vacant. User software should 
not write Is to these bit positions, since they may be 
used in future MCS-51 products. 


The interrupt flags are sampled at S5P2 of every ma- 
chine cycle. The samples are polled during the follow- 
ing machine cycle. The 8052's Timer 2 interrupt cycle 
is different, as described in the Response Time Section. 
If one of the flags was in a set condition at S5P2 of the 
preceding cycle, the polling cycle will find it and the 
interrupt system will generate an LCALL to the appro- 
priate service routine, provided this hardware-generat- 
ed LCALL is not blocked by any of the following con- 
ditions: 
1. An interrupt of equal or higher priority level is al- 


ready in progress. 


2. The current (polling) cycle is not the final cycle in 


the execution of the instruction in progress. 


3. The instruction in progress is RETI or any write to 


the IE or IP registers. 


Any of these three conditions will block the generation 
of the LCALL to the interrupt service routine. Condi- 
tion 2 ensures that the instruction in progress will be 


LONG CALL TO 
INTERRUPT 
VECTOR ADDRESS 


inter 


completed before vectoring to any service routine. Con- 
dition 3 ensures that if the instruction in progress is 
RETI or any access to IE or IP, then at least one more 
instruction will be executed before any interrupt is vec- 
tored to. 


The polling cycle is repeated with each machine cycle, 
and the values polled are the values that were present at 
S5P2 of the previous machine cycle. Note then that if 
an interrupt flag is active but not being responded to for 
one of the above conditions, and is not still active when 
the blocking condition is removed, the denied interrupt 
will not be serviced. In other words, the fact that the 
interrupt flag was once active but not serviced is not 
remembered. Every polling cycle is new. 


The polling cycle/LCALL 
sequence is illustrated in 
Figure 24. 


Note that if an interrupt of higher priority level goes 
active prior to S5P2 of the machine cycle labeled C3 in 
Figure 24, then in accordance with the above rules it 
will be vectored to during C5 and C6, without any in- 
struction of the lower priority routine having been exe- 
cuted. 


Thus the processor acknowledges an interrupt request 
by executing a hardware-generated LCALL to the ap- 
propriate servicing routine. In some cases it also clears 
the flag that generated the interrupt, and in other cases 
it doesn't. It never clears the Serial Port or Timer 2 
flags. This has to be done in the user's software. It 
clears an external interrupt flag (IEO or IE I) only if it 
was 
transition-activated. 
The 
hardware-generated 
LCALL pushes the contents of the Program Counter 
onto the stack (but it does not save the PSW) and re- 
loads the PC with an address that depends on the 
source of the interrupt being vectored to, as shown be- 
low. 


Vector 
Address 
0003H 
OOOBH 
0013H 
001BH 
0023H 
002BH 


IEO 
TFO 
IE1 
TF1 
RI + TI 
TF2 + EXF2 


Execution proceeds from that location until the RETI 
instruction is encountered. The RETI instruction in- 
forms the processor that this interrupt routine is no 
longer in progress, then pops the top two bytes from the 
stack and reloads the Program Counter. Execution of 
the interrupted 
program continues from where it left 
off. 


Note that a simple RET instruction would also have 
returned execution to the interrupted program, but it 
would have left the interrupt control system thinking 
an interrupt was still in progress. 


The external sources can be programmed to be level-ac- 
tivated or transition-activated by setting or clearing bit 
ITI or ITO in Register TCON. If ITx = 0, external 
interrupt x is triggered by a detected low at the INTx 
pin. If ITx = I, external interrupt x is edge-triggered. 
In this mode if successive samples of the INTx pin 
show a high in one cycle and a low in the next cycle, 
interrupt request flag lEx in TCON is set. Flag bit lEx 
then requests the interrupt. 


Since the external interrupt pins are sampled once each 
machine cycle, an input high or low should hold for at 
least 12 oscillator periods to ensure sampling. If the 
external interrupt is transition-activated, 
the external 
source has to hold the request pin high for at least one 
cycle, and then hold it low for at least one cycle to 
ensure that the transition is.seen so that interrupt re- 
quest flag lEx will be set. lEx will be automatically 
cleared by the CPU when the service routine is called. 


If the external interrupt is level-activated, the external 
source has to hold the request active until the requested 
interrupt is actually generated. Then it has to deacti- 
vate the request before the interrupt service routine is 
completed, or else another interrupt will be generated. 


Response Time 


The INTO and INTI 
levels are inverted and latched 
into the interrupt flags lEO and lEI at S5P2 of every 
machine cycle. Similarly, the Timer 2 flag EXF2 and 
the Serial Port flags RI and TI are set at S5P2. The 
values are not actually polled by the circuitry until the 
next machine cycle. 


The Timer 0 and Timer I flags, TFO and TFI, are set at 
S5P2 of the cycle in which the timers overflow. The 
values are then polled by the circuitry in the next cycle. 
However, the Timer 2 flag TF2 is set at S2P2 and is 
polled in the same cycle in which the timer overflows. 


If a request is active and conditions are right for it to be 
acknowledged, a hardware subroutine call to the re- 
quested service routine will be the next instruction to be 
executed. The call itself takes two cycles. Thus, a mini- 
mum of three complete machine cycles elapse between 
activation of an external interrupt request and the be· 
ginning of execution of the first instruction of the servo 
ice routine. Figure 24 shows interrupt response timings. 


A longer response time would result if the request is 
blocked by one of the 3 previously listed conditions. If 
an interrupt of equal or higher priority level is already 
in progress, the additional wait time obviously depends 
on the nature of the other interrupt's service routine. If 
the instruction in progress is not in its final cycle, the 
additional wait time cannot be more than 3 cycles, since 
the longest instructions (MUL and DIV) are only 4 
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cycles long, and if the instruction in progress is RETI 
or an access to IE or IP, the additional wait time can- 
not be more than 5 cycles (a maximum of one more 
cycle to complete the instruction in progress, plus 4 
cycles to complete the next instruction if the instruction 
is MUL or DIY). 


Thus, in a single-interrupt system, the response time is 
always more than 3 cycles and less than 9 cycles. 


The 8051 interrupt structure allows single-step execu- 
tion with very little software overhead. As previously 
noted, an interrupt request will not be responded to 
while an interrupt of equal priority level is still in prog- 
ress, nor will it be responded to after RETI until at 
least one other instruction has been executed. Thus, 
once an interrupt routine has been entered, it cannot be 
re-entered until at least one instruction of the interrupt- 
ed program is executed. One way to use this feature for 
single-stop operation is to program one of the external 
interrupts (say, INTO) to be level-activated. The service 
routine for the interrupt will terminate with the follow- 
ing code: 


JNB 
P3.2,$ 
JB 
P3.2,$ 
RETI 


;Wait Here Till INTO Goes High 
;Now Wait Here Till it Goes Low 
:Go Back and Execute One Instruction 


Now if the INTO pin, which is also the P3.2 pin, is held 
normally low, the CPU will go right into the External 
Interrupt 0 routine and stay there until INTO is pulsed 
(from low to high to low). Then it will execute RETI, 
go back to the task program, execute one instruction, 
and immediately re-enter the External Interrupt 0 rou- 
tine to await the next pulsing of P3.2. One step of the 
task program is executed each time P3.2 is pulsed. 


The reset input is the RST pin, which is the input to a 
Schmitt Trigger. 


A reset is accomplished by holding the RST pin high 
for at least two machine cycles (24 oscillator periods), 
while the oscillator is running. The CPU responds by 
generating an internal reset, with the timing shown in 
Figure 25. 


The external reset signal is asynchronous to the internal 
clock. The RST pin is sampled during State 5 Phase 2 
of every machine cycle. The port pins will maintain 
their current activities for 19 oscillator periods after a 
logic 1 has been sampled at the RST pin; that is, for 19 
to 31 oscillator periods after the external reset signal 
has been applied to the RST pin. 


While the RST pin is high, ALE and PSEN are weakly 
pulled high. After RST is pulled low, it will take 1 to 2 
machine cycles for ALE and PSEN to start clocking. 
For this reason, other devices can not be synchronized 
to the internal timings of the 8051. 


Driving the ALE and PSEN pins to 0 while reset is 
active could cause the device to go into an indetermi- 
nate state. 


The internal reset algorithm writes Osto all the SFRs 
except the port latches, the Stack Pointer, and SBUF. 
The port latches are initialized to FFH, 
the Stack 


Pointer to 07H, and SBUF is indeterminate. Table 3 
lists the SFRs and their reset values. 


The internal RAM is not affected by reset. On power 
up the RAM content is indeterminate. 
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Figure 25. Reset Timing 
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SFRName 
Reset Value 
PC 
OOOOH 


ACC 
OOH 
B 
OOH 
PSW 
OOH 
SP 
07H 
DPTR 
OOOOH 
PO-P3 
FFH 
IP (8051) 
XXXOOOOOB 
IP (8052) 
XXOOOOOOB 
IE (8051) 
OXXOOOOOB 
IE (8052) 
OXOOOOOOB 
TMOD 
. 
OOH 
TCON 
" 
OOH 
THO 
OOH 
TLO 
OOH 
TH1 
OOH 
TL1 
OOH 
TH2 (8052) 
OOH 
~ 


TL2 (8052) 
OOH 
RCAP2H (8052) 
OOH 
RCAP2L (8052) 
OOH 
SCON 
OOH 
SBUF 
Indeterminate 
PCON (HMOS) 
OXXXXXXXB 
PCON (CHMOS) 
OXXXOOOOB 


For HMOS devices when Vcc is turned on an automat- 
ic reset can be obtained by connecting the RST pin to 
Vcc through a 10 fLF capacitor and to V55 through an 
8.2 KO resistor (Figure 26). The CHMOS devices do 
not require this resistor although its presence does no 
harm. In fact, for CHMOS devices the external resistor 
can be removed because they have an internal pulldown 
on the RST pin. The capacitor value could then be re- 
duced to I fLF. 


When power is turned on, the circuit holds the RST pin 
high for an amount of time that depends on the capaci- 
tor value and the rate at which it charges. To ensure a 
valid reset the RST pin must be held high long enough 
to allow the oscillator to start up plus two machine 
cycles. 


On power up, Vcc should rise within approximately 
ten milliseconds. The oscillator start-up time will de- 
pend on the oscillator frequency. For a 10 MHz crystal, 
the start-up time is typically 1ms. For a 1 MHz crystal, 
the start-up time is typically 10 ms. 


With the given circuit, reducing Vcc quickly to 0 caus- 
es the RST pin voltage to momentarily fall below OV. 
However, this voltage is internally limited and will not 
harm the device. 


NOTE: 
The port pins will be in a random state until 
the oscillator has started and the internal reset 
algorithm has written Is to them. 


Powering up the device without a valid reset could 
cause the CPU to start executing instructions from an 
indeterminate location. This is because the SFRs, spe- 
cifically the Program Counter, may not get properly 
initialized. 


POWER-SAVING 
MODES OF 
OPERATION 


For applications where power consumption is critical 
the CHMOS version provides power reduced modes of 
operation as a standard feature. The power down mode 
in HMOS devices is no longer a standard feature and is 
being phased out. 


CHMOS versions have two power-reducing 
modes, 
Idle and Power Down. The input through which back- 
up power is supplied during these operations is VCC. 
Figure 27 shows the internal circuitry which imple- 
ments these features. In the Idle mode (IDL = 1), the 
oscillator continues to run and the Interrupt, 
Serial 
Port, and Timer blocks continue to be clocked, but the 
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clock signal is gated off to the CPU. In Power Down 
(PD = I), the oscillator is frozen. The Idle and Power 
Down modes are activated by setting bits in Special 
Function Register PCON. The address of this register 
is 87H. Figure 26 details its contents. 


In the HMOS devicesthe PCON register only contains 
SMOD. The other four bits are implemented only in 
the CHMOS devices. User software should never write 
Is to unimplemented bits, since they may be used in 
future MCS-51 products. 


An instruction that sets PCON.Ocauses that to be the 
last instruction executed before going into the Idle 
mode. In the Idle mode, the internal clock signal is 
gated off to the CPU, but not to the Interrupt, Timer, 
and Serial Port functions. The CPU status is preserved 
in its entirety: the Stack Pointer, Program Counter, 
Program Status Word, Accumulator, and all other reg- 
isters maintain their data during Idle. The port pins 
hold the logical states they had at the time Idle was 
activated. ALE and PSEN hold at logic high levels. 


There are two ways to terminate the Idle. Activation of 
any enabled interrupt will cause PCON.Oto be cleared 
by hardware, terminating the Idle mode. The interrupt 
will be serviced, and following RET! the next instruc- 
tion to be executed will be the one following the in- 
struction that put the device into Idle. 


~o~ 


XTAL 
2 ~ 
XTAL 
1 


INTERRUPT, 
SERIAL 
PORT. 
TIMER 
SLOCKS 


(MSS) 


SMOD 


(LSS) 


GFO 
PD 
IDL 


Symbol 


SMOD 


Position 


PCON.? 


Nams 
and Function 


Double 
Saud rate bit. When set to a 1 


and Timer 
1 is used to generate 
baud 


rate, and the Serial 
Port is used in 


modes 
1, 2, or 3. 


(Reserved) 


(Reserved) 


(Reserved) 


General-purpose 
flag bit. 


General-purpose 
flag bit. 


Power 
Down 
bit. Setting 
this bit 


activates 
power 
down operation. 


Idle mode 
bit. Setting 
this bit activates 


idle mode operation. 


If 1s are written 
to PD and IDL at the same time, PD takes 


precedence. 
The reset value of PCON is (OXXXOOOO). 


In the HMOS 
devices 
the PCON register 
only contains 


SMOD. 
The other four bits are implemented 
only in the 


CHMOS 
devices. 
User software 
should 
never write 
1s to 
unimplemented 
bits, since they may be used in future 
MCS- 


51 products. 


PCON.6 


PCON.5 


PCON.4 


PCON.3 


PCON.2 


PCON.1 


The flag bits GFO and GFI can be used to give an 
indication if an interrupt occurred during normal oper- 
ation or during an Idle. For example, an instruction 
that activates Idle can also set one or both flag bits. 
When Idle is terminated by an interrupt, the interrupt 
service routine can examine the flag bits. 


The other way of terminating the Idle mode is with a 
hardware reset. Since the clock oscillator is still run- 
ning, the hardware reset needs to be held active for only 
two machine cycles (24 oscillator periods) to complete 
the reset. 


The signal at the RST pin clears the IDL bit directly 
and asynchronously. At this time the CPU resumes 
program execution from where it left off; that is, at the 
instruction following the one that invoked the Idle 
Mode. As shown in Figure 25, two or three machine 
cycles of program execution may take place before the 
internal reset algorithm takes control. On-chip hard- 
ware inhibits access to the internal RAM during this 
time, but access to the port pins is not inhibited. To 
eliminate the possibility of unexpected outputs at the 
port pins, the instruction followingthe one that invokes 
Idle should not be one that writes to a port pin or to 
external Data RAM. 


POWER 
DOWN 
MODE 


An instruction that sets PCON.! causes that to be the 
last instruction executed before going into the Power 
Down mode. In the Power Down mode, the on-chip 
oscillator is stopped. With the clock frozen, all func- 
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Device 
EPROM 
EPROM 
Ckt 
VPP 
Time Required 
to 
Name 
Version 
Bytes 
Type 
Program 
Entire Array 


8051 
(8751) 
4K 
HMOS 
21.0V 
4 minutes 


8051AH 
8751H 
4K 
HMOS 
21.0V 
4 minutes 


80C51BH 
87C51 
4K 
CHMOS 
12.75V 
13 seconds 


8052AH 
8752BH 
8K 
HMOS 
12.75V 
26 seconds 


tions are stopped, but the on-chip RAM and Special 
Function Registers are held. The port pins output the 
values held by their respective SFRs. ALE and PSEN 
output lows. 


The only exit from Power Down for the 8OC51 is a 
hardware reset. Reset redefines all the SFRs, but does 
not change the on-chip RAM. 


In the Power Down mode of operation, VCC can be 
reduced to as low as 2V. Care must be taken, however, 
to ensure that VCC is not reduced before the Power 
Down mode is invoked, and that VCC is restored to its 
normal operating level, before the Power Down mode is 
terminated. The reset that terminates Power Down also 
frees the oscillator. The reset should not be activated 
before VCC is restored to its normal operating level, 
and must be held active long enough to allow the oscil- 
lator to restart and stabilize (normally less than 10 
msec). 


The EPROM versions of these devices are listed in Ta- 
ble 4. The 8751H programs at VPP = 21V using one 
50 msec PROG pulse per byte programmed. This re- 
sults in a total programming time (4K bytes) of approx- 
imately 4 minutes. 


The 8752BH and 87C51 use the faster "Quick-Pulse" 
programming™ 
algorithm. These devices program at 
VPP = 12.75V using a series of twenty-five 100 lAos 
PROG pulses per byte programmed. This results in a 
total programming time of approximately 26 seconds 
for the 8752BH (8K bytes) and 13 seconds for the 
87C51 (4K bytes). 


Detailed procedures 
for programming 
and verifying 
each device are given in the data sheets. 


It is good practice to cover the EPROM window with 
an opaque label when the device is in operation. This is 
not so much to protect the EPROM array from inad- 
vertent erasure, but to protect the RAM and other on- 
chip logic. Allowing light to impinge on the silicon die 
while the device is operating can cause logical malfunc- 
tion. 


In some microcontroller applications it is desirable that 
the Program Memory be secure from software piracy. 
Intel has responded to this need by implementing a 
Program Memory locking scheme in some of the MCS- 
51 devices. While it is impossible for anyone to guaran- 
tee absolute security against all levels of technological 
sophistication, the Program Memory locks in the MCS- 
51 devices will present a formidable barrier against ille- 
gal readout of protected software. 


The 
8751H contains 
a lock bit which, 
once pro- 
grammed, 
denies electrical 
access by any external 
means to the on-chip Program Memory. The effect of 
this lock bit is that while it is programmed the internal 
Program Memory can not be read out, the device can 
not be further programmed, and it can not execute ex- 
ternal Program Memory. Erasing, the EPROM array 
deactivates the lock bit and restores the device's full 
functionality. It can then be re-programmed. 


The procedure for programming the lock bit is detailed 
in the 8751H data sheet. 


Two-Level 
Program 
Memory 
Lock Scheme 


The 87C51 and 8752BH contain two Program Memory 
locking schemes: Encrypted Verify and Lock Bits. 


Encrypted Verify: These devices implement a 32-byte 
EPROM array that can be programmed by the custom- 
er, and which can then be used to encrypt the program 
code bytes during EPROM verification. The EPROM 
verification procedure is performed as usual, except 
that each code byte comes out X-NORed with one of 
the 32 key bytes. The key bytes are gone through in 
sequence. Therefore, to read the ROM code, one has to 
know the 32 key bytes in their proper sequence. 


Unprogrammed bytes have the value FFH. Therefore, 
if the Encryption Array is left unprogrammed all the 
key bytes have the value FFH. Since any code byte 
X-NORed with FFH leaves the code byte unchanged, 
leaving the Encryption Array unprogrammed in effect 
bypasses the encryption feature. 
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Lock Bits: Also on the chip are two Lock Bits which 
can be left unprogrammed (U) or programmed (P) to 
obtain the following features: 


Bit 2 
Bit 1 
Additional 
Features 


U 
U 
None 


U 
P 
• 
Externally 
fetched 
code can not 
access 
internal 
Program 
Memory. 
• 
Further 
programming 
disabled. 


- 
P 
U 
(Reserved 
for Future definition.) 


P 
P 
• 
Externally 
fetched 
code can not 
access 
internal 
Program 
Memory. 
• 
Further 
programming 
disabled. 
• 
Program verification 
is disabled. 


When Lock Bit I is programmed, the logic level at the 
EA pin is sampled and latched during reset. If the de- 
vice is powered up without a reset, the latch initializes 
to a random value, and holds that value until reset is 
activated. It is necessary that the latched value of EA 
be in agreement with the current logic level at that pin 
in order for the device to function properly. 


The 805lAHP 
and 8OC5lBHP are ROM Protected 
versions of the 805lAH and 80C5lBH, respectively. To 
incorporate this Protection Feature, program verifica- 
tion has been disabled and external memory accesses 
have been limited to 4K. Refer to the data sheets on 
these parts for more information. 


The ONCE ("on-circuit 
emulation") mode facilitates 
testing and debugging of systems using the device with- 
out the device having to be removed from the circuit. 
The ONCE mode is invoked by: 
I. Pull ALE low while the device is in reset and PSEN 
is high; 
2. Hold ALE low as RST is deactivated. 


While the device is in ONCE mode, the Port 0 pins go 
into a float state, and the other port pins and ALE and 
PSEN are weakly pulled high. The oscillator circuit 
remains active. While the device is in this mode, an 
emulator or test CPU can be used to drive the circuit. 
Normal operation is restored after a normal reset is 
applied. 


The 
on-chip 
oscillator 
circuitry 
for 
the 
HMOS 
(HMOS-I and HMOS-II) members of the MCS-5l fam- 
ily is a single stage linear inverter (Figure 29), intended 
for use as a crystal-controlled, positive reactance oscil- 
lator (Figure 30). In this application the crystal is oper- 
ated in its fundamental response mode as an inductive 
reactance in parallel resonance with capacitance exter- 
nal to the crystal. 


? 
SUBST. 
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The crystal specifications and capacitance values (CI 
and C2 in Figure 30) are not critical. 30 pF can be used 
in these positions at any frequency with good quality 
crystals. A ceramic resonator can be used in place of 
the crystal in cost-sensitive applications. When a ce- 
ramic resonator is used, CI and C2 are normally select- 
ed to be of somewhat higher values, typically, 47 pF. 
The manufacturer of the ceramic resonator should be 
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consulted for recommendations on the values of these 
capacitors. 


In general, crystals used with these devices typically 
have the following specifications: 


ESR (Equivalent Series Resistance) 
Co (Shunt Capacitance) 


CL (Load Capacitance) 
Drive Level 


see Figure 31 
7.0pFmax. 


30pF ±3 pF 
IMW 


Frequency, tolerance and temperature range are deter- 
mined by the system requirements. 


A more in-depth discussion of crystal specifications, ce- 
ramic resonators, and the selection of values for CI and 
C2 can be found in Application Note AP-155, "Oscilla- 
tors for Microcontrollers," 
which is included in the 
Embedded Control Applications Handbook. 


To drive the HMOS parts with an external clock 
source, apply the external clock signal to XTAL2, and 
ground XTALl, as shown in Figure 32. A pullup resis- 
tor may be used (to increase noise margin), but is op- 
tional ifVOH ofthe driving gate exceeds the VIH MIN 
specification of XTAL2. 
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Figure 32. Driving the HMOS MCSI!>·S1 
Parts with an External Clock Source 
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The on-chip oscillator 
circuitry 
for the 80C5lBH, 
shown in Figure 33, consists of a single stage linear 
inverter intended for use as a crystal-controlled, posi- 
tive reactance oscillator in the same manner as the 
HMOS parts. However, there are some important dif- 
ferences. 


One difference is that the 80C5lBH is able to turn off 
its oscillator under software control (by writing a I to 
the PD bit in PCON). Another difference is that in the 
8OC5lBH the internal clocking circuitry is driven by 
the signal at XTALl, whereas in the HMOS versions it 
is by the signal at XTAL2. 


The feedback resistor Rf in Figure 33 consists of paral- 
leled n- and p- channel FETs controlled by the PD bit, 
such that Rf is opened when PD = 1. The diodes DI 
and D2, which act as clamps to VCC and VSS, are 
parasitic to the Rf FETs. 


The oscillator can be used with the same external com- 
ponents as the HMOS versions, as shown in Figure 34. 
Typically, CI = C2 = 30 pF when the feedback ele- 
ment is a quartz crystal, and CI = C2 = 47 pF when a 
ceramic resonator is used. 


To drive the CHMOS parts with an external clock 
source, apply the external clock signal to XTALI. and 
leave XTAL2 float, as shown in Figure 35. 
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Figure 
35. Driving 
the CHMOS MCS<8>-51 
Parts with 
an External 
Clock 
Source 


The reason for this change from the way the HMOS 
part is driven can be seen by comparing Figures 29 and 
33. In the HMOS devices the internal timing circuits 
are driven by the signal at XTAL2. In the CHMOS 
devices the internal timing circuits are driven by the 
signal at XTAL 1. 


Figures 36 through 39 show when the various strobe 
and port signals are clocked internally. The figures do 
not show rise and fall times of the signals, nor do they 
show propagation delays between the XTAL signal and 
events at other pins. 


Rise and fall times are dependent on the external load- 
ing that each pin must drive. They are often taken to be 
something in the neighborhood of 10 nsec, measured 
between O.8Vand 2.0V. 


Propagation delays are different for different pins. For 
a given pin they vary with pin loading, temperature, 
VCC, and manufacturing lot. If the XTAL waveform is 
taken as the timing reference, prop delays may vary 
from 25 to 125 nsec. 


The AC Timings section of the data sheets do not refer- 
ence any timing to the XTAL waveform. Rather, they 
relate the critical edges of control and input signals to 
each other. The timings published in the data sheets 
include the effects of propagation 
delays under the 
specified test conditions. 
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The following application 
notes and articles 
are found in the Embedded 
Control Applications handbook. 


(Order Number: 270535) 
1. AP-125 "Designing Microcontroller Systems for Electrically Noisy Environments". 
2. AP-155 "Oscillators for Microcontrollers". 
3. AP-252 "Designing with the 8OC51BH". 
4. AR-409 "Increased Functions in Chip Result in Lighter, Less Costly Portable Computer". 


5. AR-5l7 "Using the 8051 Microcontroller with Resonant Transducers". 
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MCS®-51 
8-BIT CONTROL-ORIENTED 
MICROCOMPUTERS 
8031/8051 
8031AH/8051AH 
8032AH/8052AH 
8751H/8751H-8 


• 
High Performance 
HMOS Process 


• 
Internal 
Timers/Event 
Counters 


• 
2·Level 
Interrupt 
Priority Structure 


• 
32 I/O 
Lines (Four 8·Blt Ports) 


• 
64K Program 
Memory 
Space 


• 
Security 
Feature 
Protects 
EPROM 
Parts 
Against 
Software 
Piracy 


• 
Boolean 
Processor 


• 
Blt·Addressable 
RAM 


• 
Programmable 
Full Duplex Serial 
Channel 


• 
111 Instructions 
(64 Slngle·Cycle) 


• 
64K Data Memory 
Space 


The MCS~-51 
products 
are optimized 
for control 
applications. 
Byte-processing 
and numerical 
operations 
on 
small data structures 
are facilitated 
by a variety of fast addressing 
modes for accessing 
the internal 
RAM. The 
instruction 
set provides 
a convenient 
menu of 8-bit arithmetic 
instructions, 
including 
multiply and divide instruc- 
tions. 
Extensive 
on-chip 
support 
is provided 
for one-bit 
variables 
as a separate 
data type, allowing 
direct 
bit 


manipulation 
and testing 
in control 
and logic systems 
that require 
Boolean 
processing. 


The 8051 is the original member of the MCS-51 family. The 8051AH 
is identical 
to the 8051, but it is fabricated 


with HMOS 
II technology. 


The 8751 H is an EPROM 
version 
of the 8051AH; 
that is, the on-chip 
Program 
Memory 
can be electrically 


programmed, 
and can be erased by exposure 
to ultraviolet 
light. It is fully compatible 
with its predecessor, 
the 


8751-8, 
but incorporates 
two new features: 
a Program 
Memory 
Security 
bit that can be used to protect 
the 


EPROM against unauthorized 
read-out, 
and a programmable 
baud rate modification 
bit (SMOD). The 8751 H-8 
is identical 
to the 8751 H but only operates 
up to 8 MHz. 


The 8052AH 
is an enhanced 
version 
of the 8051AH. 
It is backwards 
compatible 
with the 8051AH 
and 
is 
fabricated 
with HMOS II technology. 
The 8052AH 
enhancements 
are listed in the table below. Also refer to this 
table for the ROM, ROM less, and EPROM 
versions 
of each product. 


Device 
Internal 
Memory 
Timersl 
Interrupts 
Program 
Data 
Event Counters 


8052AH 
8Kx8 
ROM 
256x8 
RAM 
3 x 16-Bit 
6 
8051AH 
4Kx8 
ROM 
128x8 
RAM 
2 x 16-Bit 
5 


8051 
4Kx8ROM 
128x8 
RAM 
2 x 16-Bit 
5 
8032AH 
none 
256x8 
RAM 
3 x 16-Bit 
I 
6 


8031AH 
none 
128x8 
RAM 
2 x 16-Bit 
5 


8031 
none 
128x8 
RAM 
, 
2 x 16-Bit 
5 


8751H 
4Kx8 
EPROM 
128x8 
RAM 
2 x 16-Bit 
5 


8751H-8 
4Kx8 
EPROM 
128x8 
RAM 
2 x 16-Bit 
5 
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Part 
Prefix 
Package 
Type 


8051AHI 
P 
40-Pin Plastic DIP 
8031AH 
0 
40-Pin CEROIP 
N 
44-Pin PLCC 


8052AHI 
P 
40-Pin Plastic DIP 
8032AH 
0 
40-Pin CEROIP 
N 
44-Pin PLCC 


8751HI 
0 
40-Pin CEROIP 


8751H-8 
R 
44-Pin LCC 


Port 0: Port 0 is an 8-bit open drain bidirectional 
1/0 


port. As an output 
port each pin can sink 8 LS TIL 


inputs. 


Port 0 pins that have 1s written 
to them float, and in 


that state can be used as high-impedance 
inputs. 


Port 0 is also the multiplexed 
low-order 
address 
and 


data bus during 
accesses 
to external 
Program 
and 


Data Memory. 
In this application 
it uses strong inter- 


nal pullups 
when 
emitting 
1s and 
can 
source 
and 


sink 8 LS TIL 
inputs. 


Port 0 also receives 
the code bytes during program- 


ming 
of the 
EPROM 
parts, 
and 
outputs 
the 
code 


bytes 
during 
program 
verification 
of the 
ROM 
and 


EPROM 
parts. 
External 
pullups 
are required 
during 


program 
verification. 


intJ 


Pl.O 
Pl.l 
Pl.2 
Pl.3 
P1.4 
P1.5 
P1.6 
Pl.7 
RST 
RXO P3.0 
TXO P3.1 
INTOPU 
INTl P3.3 
TOP3.4 
T1 P3.5 
WR P3.6 
iiii P3.7 
XTAU 
XTALl 
Vas 
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Vc:c 
PO.OADO 
PO.l AOl 
PO.2 A02 
PO.3 A03 
PO.4 A04 
PO.5 A05 
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PO.7 A07 
EAiVpp' 
ALE/PROG' 
PSEN 
P2.7 A15 
P2.6A14 
P2.5 A'3 
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P2.' A9 
P2.0 A' 


PI.5 


P1.8 


Pl.7 
RST 
(RXO)P3.0 
Ne 
(TXO)P3.1 
(INTO)P3.2 
(INTl)P3.3 
(TO)P3.4 
(T2) P3.1 
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Pad 
(LCC, PLCC) 


Port 1: Port 1 is an 8-bit bidirectional I/O port with 
internal pullups. The Port 1 output buffers can sink/ 
source 4 LS TTL inputs. Port 1 pins that have 1s 
written to them are pulled high by the internal pull- 
ups, and in that state can be used as inputs. As 
inputs, Port 1 pins that are externally being pulled 
low will source current (IlL on the data sheet) be- 
cause of the internal pullups. 


Port 1 also receives the low-order address bytes 
during programming of the EPROM parts and during 
program verification of the ROM and EPROM parts. 


In the 8032AH and 8052AH, Port 1 pins P1.0 and 
P1.1 also serve the T2 and T2EX functions, respec- 
tively. 


Port 2: Port 2 is an 8-bit bidirectional I/O port with 
internal pullups. The Port 2 output buffers can sink/ 
source 4 LS TTL inputs. Port 2 pins that have 1s 
written to them are pulled high by the internal pull- 
ups, and in that state can be used as inputs. As 
inputs, Port 2 pins that are externally being pulled 
low will source current (IlL on the data sheet) be- 
cause of the internal pullups. 


ing accesses to external Data Memory that use 8-bit 
addresses (MOVX @Ri),Port 2 emits the contents of 
the P2 Special Function Register. 


Port 2 also receives the high-order address bits dur- 
ing programming of the EPROM parts and during 
program verification of the ROM and EPROM parts. 


Port 3: Port 3 is an 8-bit bidirectional I/O port with 
internal pullups. The Port 3 output buffers can sink/ 
source 4 LS TTL inputs. Port 3 pins that have 1s 
written to them are pulled high by the internal pull- 
ups, and in that state can be used as inputs. As 
inputs, Port 3 pins that are externally being pulled 
low will source current (IlL on the data sheet) be- 
cause of the pullups. 


Port 3 also serves the functions of various special 
features of the MCS-51 Family, as listed below: 


Port 
Alternative Function 
Pin 
P3.0 
RXD (serial input port) 
P3.1 
TXD (serial output port) 
P3.2 
INTO(external interrupt 0) 
P3.3 
INT1 (external interrupt 1) 
P3,4 
TO(Timer 0 external input) 
P3.5 
!!JTimer 
1 external input) 
P3.6 
WR (external data memory write strobe) 
P3.7 
RD (external data memory read strobe) 


Port 2 emits the high-order address byte during 
fetches from external Program Memory and during 
accesses to external Data Memory that use 16-bit 
addresses (MOVX @DPTR). In this application it 
uses strong internal pullups when emitting 1s. Dur- 
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RST: Reset input. A high on this pin for two machine 
cycles while the oscillator is running resets the de- 
vice. 


ALE/PROG: 
Address Latch Enable output pulse for 
latching the low byte of the address during accesses 
to external memory. This pin is also the program 
pulse input (PROG) during programming of the 
EPROM parts. 


In normal operation ALE is emitted at a constant 
rate of 116 the oscillator frequency, and may be used 
for external timing or clocking purposes. Note, how- 
ever, that one ALE pulse is skipped during each ac- 
cess to external Data Memory. 


PSEN: Program Store Enable is the read strobe to ' 
external Program Memory. 


When the device is executing code from external 
Program Memory, PSEN is activated twice each ma- 
chine cycle, except that two PSEN activations are 
skipped during each access to external Data Memo- 
ry. 


EA/Vpp: 
External Access 
enable 
EA must be 
strapped to Vss in order to enable any MCS-51 de- 
vice to fetch code from external Program memory 
locations starting at OOOOHup to FFFFH. EA must 
be strapped to Vcc for internal program execution. 


Note, however, that if the Security Bit in the EPROM 
devices is programmed, the device will not fetch 
code from any location in external Program Memory. 


This pin also receives the 21V programming supply 
voltage (VPP) during programming of the EPROM 
parts. 


XTAL 1: Input to the inverting oscillator amplifier. 


XT AL2: Output from the inverting oscillator amplifi- 
er. 


XTAL1 and XTAL2 are the input and output, respec- 
tively, of an inverting amplifier which can be config- 
ured for use as an on-chip oscillator, as shown in 
Figure 3. Either a quartz crystal or ceramic resonator 
may be used. More detailed information concerning 
the use of the on-chip oscillator is available in Appli- 
cation Note AP-155, "Oscillators for Microcontrol- 
lers." 


To drive the device from an external clock source, 
XTAL1 should be grounded, while XTAL2 is driven, 
as shown in Figure 4. There are no requirements on 
the duty cycle of the external clock signal, since the 
input to the internal clocking circuitry is through a 
divide-by-two flip-flop, but minimum and maximum 
high and low times specified on the Data Sheet must 
be observed. 


EXTERNAL 
OSCILLATOR 


SIGNAL 


If an 8751BH or 8752BH may replace an 8751H in a 
future design, the user should carefully compare 
both data sheets for DC or AC Characteristic differ- 
ences. Note that the VIH and IIH specifications for 
the EA pin differ significantly between the devices. 


Exposure to light when the EPROM device is in op- 
eration may cause logic errors. For this reason, it is 
suggested that an opaque label be placed over the 
window when the die is exposed to ambient light. 


"Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Ambient 
Temperature 
Under Bias 
O·C to 70·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage 
on EAlVpp 
Pin to Vss 
-0.5V 
to +21.5V 


Voltage 
on Any Other Pin to Vss 
-0.5V 
to + 7V 


Power Dissipation 
1.5W 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
(Except EA Pin of 
-0.5 
0.8 
V 
8751 H & 8751 H-8) 


VIU 
Input Low Voltage to EA Pin of 
0 
0.7 
V 
8751 H & 8751 H-8 


VIH 
Input High Voltage 
(Except XTAL2, 
2.0 
Vcc 
+ 0.5 
V 
RST) 


VIHl 
Input High Voltage to XTAL2, RST 
2.5 
Vcc 
+ 0.5 
V 
XTAL1 = Vss 


VOL 
Output 
Low Voltage 
(Ports 1, 2, 3)" 
0.45 
V 
IOL = 1.6 mA 


Vou 
Output Low Voltage 
(Port 0, ALE, PSEN)" 


8751 H, 8751 H-8 
0.60 
V 
IOL = 3.2mA 
0.45 
V 
IOL = 2.4 mA 


All Others 
0.45 
V 
IOL = 3.2mA 


VOH 
Output High Voltage 
(Ports 1, 2, 3, ALE, PSEN) 
2.4 
V 
IOH = -80 
!LA 


VOHl 
Output 
High Voltage 
(Port 0 in 
2.4 
V 
IOH = - 400 !LA 
External 
Bus Mode) 


IlL 
Logical 0 Input Current (Ports 1, 2, 3, 
RST) 8032AH, 
8052AH 
-800 
!LA 
VIN = 0.45V 
All Others 
-500 
!LA 
VIN = 0.45V 


Ilu 
Logical 0 Input Current to EA Pin of 
-15 
mA 
VIN = 0.45V 


8751 H & 8751 H-8 Only 


11L2 
Logical 0 Input Current (XTAL2) 
-3.2 
mA 
VIN = 0.45V 


III 
Input Leakage Current (Port 0) 
8751 H & 8751 H-8 
±100 
!LA 
0.45 
S; VIN S; Vcc 
All Others 
±10 
!LA 
0.45 
S; VIN S; VCC 


IIH 
Logical 1 Input Current to EA Pin of 
500 
!LA 
VIN = 2.4V 
8751 H & 8751 H-8 


IIHl 
Input Current to RST to Activate 
Reset 
500 
!LA 
VIN < (Vcc 
- 
1.5V) 


Icc 
Power Supply Current: 
8031/8051 
160 
mA 
8031 AH/8051 
AH 
125 
mA 
All Outputs 
8032AH/8052AH 
175 
mA 
Disconnected; 


8751 H/8751 H-8 
250 
mA 
EA = Vcc 


CIO 
Pin Capacitance 
10 
pF 
Test freq = 1 MHz 


°NOTE: 
Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the VOLS of ALE and Ports 1 
and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 1-to-0 
transitions during bus operations. In the worst cases (capacitive loading> 
100 pFl, the noise pulse on the ALE line may 
exceed O.BV.In such cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt 
Trigger STROBE input. 


inter 


A.C. CHARACTERISTICS 
TA = O·Cto 
+70·C;Vcc 
='5V 
±10%;Vss 
= OV; 
Load Capacitance 
for Port 0, ALE, and PSEN = 100 pF; 
Load Capacitance 
for All Other Outputs 
= 80 pF 


Symbol 
Parameter 
12 MHz Oscillator 
Variable 
Oscillator 
Units 
Mln 
Max 
Mln 
Max 


1/TCLCL 
Oscillator 
Frequency 
3.5 
12.0 
MHz 


TLHLL 
ALE Pulse Width 
127 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
43 
TCLCL-40 
ns 


TLLAX 
Address 
Hold after ALE Low 
48 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid Instr In 
8751H 
183 
4TCLCL-150 
ns 
All Others 
233 
4TCLCL-100 
ns 


TLLPL 
ALE Low to PSEN Low 
58 
TCLCL-25 
ns 


TPLPH 
PSEN Pulse Width 
8751H 
190 
3TCLCL-60 
ns 
All Others 
215 
3TCLCL-35 
ns 


TPLIV 
PSEN Low to Valid Instr In 
8751H 
100 
3TCLCL-150 
ns 
All Others 
125 
3TCLCL-125 
ns 


TPXIX 
Input Instr Hold after PSEN 
0 
0 
ns 


TPXIZ 
Input Instr Float after PSEN 
63 
TCLCL-20 
ns 


TPXAV 
PSEN to Address 
Valid 
75 
TCLCL-8 
ns 


TAVIV 
Address 
to Valid Instr In 
8751H 
267 
5TCLCL-150 
ns 
All Others 
302 
, 
5TCLCL-115 
ns 


TPLAZ 
PSEN Low to Address 
Float 
20 
20 
ns 


TRLRH 
RD Pulse Width 
400 
6TCLCL-100 
ns 


TWLWH 
WR Pulse Width 
400 
6TCLCL-100 
ns 


TRLDV 
RD Low to Valid Data In 
252 
5TCLCL-165 
ns 


TRHDX 
Data Hold after RD 
0 
0 
ns 


TRHDZ 
Data Float after RD 
97 
2TCLCL-70 
ns 


TLLDV 
ALE Low to Valid Data In 
517 
t 
8TCLCL-150 
ns 


TAVDV 
Address 
to Valid Data In 
585 
9TCLCL-165 
ns 


TLLWL 
ALE Low to RD or WR Low 
200 
300 
3TCLCL-50 
3TCLCL+50 
ns 


TAVWL 
Address 
to RD or WR Low 
203 
4TCLCL-130 
ns 


TQVWX 
Data Valid to WR Transition 
8751H 
13 
TCLCL-70 
ns 
All Others 
23 
TCLCL-60 
ns 


TQVWH 
Data Valid to WR High 
433 
7TCLCL-150 
ns 


TWHQX 
Data Hold after WR 
33 
TCLCL-50 
ns 


TRLAZ 
RD Low to Address 
Float 
20 
20 
ns 


TWHLH 
RD or WR High to ALE High 
8751H 
33 
133 
TCLCL-50 
TCLCL+50 
ns 
All Others 
43 
123 
TCLCL-40 
TCLCL+40 
ns 


NOTE: 
"This table 
does not include 
the 8751-8 
A.C. characteristics 
(see next page). 


inter 


A.C. CHARACTERISTICSTA 
= O·Cto 
+70·C;VCC 
= 5V ±10%;VSS 
= OV; 
Load Capacitance 
for Port 0, ALE, and PSEN = 100 pF; 
Load Capacitance 
for All Other Outputs 
= 80 pF 


Symbol 
Parameter 
8 MHz Oscillator 
Variable 
Oscillator 
Units 
Mln 
Max 
Min 
Max 


1/TCLCL 
Oscillator 
Frequency 
3.5 
8.0 
MHz 


TLHLL 
ALE Pulse Width 
210 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
85 
TCLCL-40 
ns 


TLLAX 
Address 
Hold after ALE Low 
90 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid Instr In 
350 
4TCLCL-150 
ns 


TLLPL 
ALE Low to PSEN Low 
100 
TCLCL-25 
ns 


TPLPH 
PSEN Pulse Width 
315 
3TCLCL-60 
ns 


TPLIV 
PSEN Low to Valid Instr In 
225 
3TCLCL-150 
ns 


TPXIX 
Input Instr Hold after PSEN 
0 
0 
ns 


TPXIZ 
Input Instr Float after PSEN 
105 
TCLCL-20 
ns 


TPXAV 
PSEN to Address 
Valid 
117 
TCLCL-8 
ns 


TAVIV 
Address 
to Valid Instr In 
475 
5TCLCL-150 
ns 


TPLAZ 
PSEN Low to Address 
Float 
20 
20 
ns 


TALAH 
AD Pulse Width 
650 
6TCLCL-100 
ns 


TWLWH 
WA Pulse Width 
650 
6TCLCL-100 
ns 


TALDV 
AD Low to Valid Data In 
460 
5TCLCL-165 
ns 


TAHDX 
Data Hold after AD 
0 
0 
ns 


TAHDZ 
Data Float after AD 
180 
2TCLCL-70 
ns 


TLLDV 
ALE Low to Valid Data In 
850 
8TCLCL-150 
ns 


TAVDV 
Address to Valid Data In 
960 
9TCLCL-165 
ns 


TLLWL 
ALE Low to AD or WA Low 
325 
425 
3TCLCL-50 
3TCLCL+50 
ns 


TAVWL 
Address 
to AD or WA Low 
370 
4TCLCL-130 
ns 


TQVWX 
Data Valid to WA Transition 
55 
TCLCL-70 
ns 


TQVWH 
Data Valid to WA High 
725 
7TCLCL-150 
ns 


TWHQX 
Data Hold after WA 
75 
TCLCL-50 
ns 


TALAZ 
AD Low to Address 
Float 
20 
20 
ns 


TWHLH 
AD or WA High to ALE High 
75 
175 
TCLCL-50 
TCLCL+50 
ns 


inter 


intJ 


inter 


SERIAL PORT TIMING-SHIFT 
REGISTER MODE 
Test Conditions: 
TA = O°C to 70°C; VCC = 5V ± 10%; VSS = OV; Load Capacitance 
= 80 pF 


Symbol 
Parameter 
12 MHz Oscillator 
Variable 
Oscillator 
Units 
Mln 
Max 
Mln 
Max 


TXLXL 
Serial Port Clock Cycle Time 
1.0 
12TCLCL 
JLs 


TOVXH 
Output Data Setup to Clock Rising 
700 
1OTCLCL -133 
ns 
Edge 


TXHOX 
Output Data Hold after Clock 
50 
2TCLCL-117 
ns 
Rising Edge 


TXHDX 
Input Data Hold after Clock Rising 
0 
0 
ns 
Edge 


TXHDV 
Clock Rising Edge to Input Data 
700 
1OTCLCL - 133 
ns 
Valid 
"-" 


,•. 
,OY.H ..•. I ~ 
TlNOI 
I 
----\_-_- 
_-_-X __ 
X__ 
X 
X 
X 
X 
X 
J 


I 
I 
SEt.. 


".0' ---l --l f-".... 


inter 


Symbol 
Parameter 
Mln 
Max 
Units 


1/TClCl 
Oscillator Frequency (except 8751 H-8) 
3.5 
12 
MHz 
8751H-8 
3.5 
8 
MHz 


TCHCX 
High Time 
20 
ns 


TClCX 
low 
Time 
20 
ns 


TClCH 
Rise Time 
20 
ns 


TCHCl 
Fall Time 
20 
ns 


u=:x 
x= 


2.0 
2.0 


0.1> 
TESTPOINTS< 0.1 


0.•5 
---------. 


270048-11 
A.C. TesUng:Inputs are driven at 2.4V for a Logic "1" and 0.45V 
for a Logic '"0". TIming measurements are made at 2.0V for a 
Logic "1" and 0.8V for a·Logic "0". 


Mode 
RST 
PSEN 
ALE 
EA 
P2.7 
P2.6 
P2.5 
P2.4 


Program 
1 
0 
O' 
VPP 
1 
0 
X 
X 


Inhibit 
1 
0 
1 
X 
1 
0 
X 
X 
Verify 
1 
0 
1 
1 
0 
0 
X 
X 


Security Set 
1 
0 
O' 
VPP 
1 
1 
X 
X 


NOTE: 
"1" = logic high for that pin 
"0" = logic low for that pin 
"X" = "don't care" 


To be programmed, the part must be running with a 
4 to 6 MHz oscillator. (The reason the oscillator 
needs to be running is that the internal bus is being 
used to transfer address and program data to appro- 
priate internal registers.) The address of an EPROM 
location to be programmed is applied to Port 1 and 
pins P2.0-P2.3 of Port 2, while the code byte to be 
programmed into that location is applied to Port O. 
The other Port 2 pins, and RST, PSEN, and EA 
should be held at the "Program" levels indicated in 
Table 3. ALE is pulsed low for 50 ms to program the 
code byte into the addressed EPROM location. The 
setup is shown in Figure 5. 


Normally EA is held at a logic high until just before 
ALE is to be pulsed. Then EA is raised to + 21V, 
ALE is pulsed, and then EA is returned to a logic 
high. Waveforms and detailed timing specifications 
are shown in later sections of this data sheet. 


8751H 


P2.4 


P2.5 


P2.6 


P2.7 


XTAU 


"vpp" = + 21V ±0.5V 
•ALE is pulsed low for 50 ms. 


Note that the EAIVPP pin must not be allowed to go 
above the maximum specified VPP level of 21.5V for 
any amount of time. Even a narrow glitch above that 
voltage level can cause permanent damage to the 
device. The VPP source should be well regulated 
and free of glitches. 


Program Verification 


If the Security Bit has not been programmed, the on- 
chip Program Memory can be read out for verifica- 
tion purposes, if desired, either during or after the 
programming operation. The address of the Program 
Memory location to be read is applied to Port 1 and 
pins P2.0-P2.3. The other pins should be held at the 
"Verify" levels indicated in Table 3. The contents of 
the addressed location will come out on Port O. Ex- 
ternal pullups are required on Port 0 for this opera- 
tion. 


The setup, which is shown in Figure 6, is the same 
as for programming the EPROM except that pin P2.7 
is held at a logic low, or may be used as an active- 
low read strobe. 


inter 


The security feature consists 
of a "locking" 
bit which 
when 
programmed 
denies 
electrical 
access 
by any 
external 
means 
to 
the 
on-chip 
Program 
Memory. 
The 
bit is programmed 
as shown 
in Figure 
7. The 
setup 
and 
procedure 
are the 
same 
as for 
normal 
EPROM 
programming, 
except 
that P2,6 is held at a 
logic high. Port 0, Port 1, and pins P2.0-P2.3 
may be 


in any state. 
The other 
pins should 
be held at the 
"Security" 
levels indicated 
in Table 3. 


Once the Security 
Bit has been programmed, 
it can 
be cleared 
only by full erasure of the Program 
Mem- 
ory. While 
it is programmed, 
the 
internal 
Program 
Memory 
can not be read out, the device 
can not be 
further 
programmed, 
and it can not execute 
out of 
external 
program 
memory. 
Erasing 
the 
EPROM, 
thus clearing 
the Security 
Bit, restores 
the device's 
full functionality. 
It can then be reprogrammed. 


Erasure 
of the 
EPROM 
begins 
to occur 
when 
the 
chip 
is exposed 
to 
light 
with 
wavelengths 
shorter 
than approximately 
4,000 Angstroms, 
Since sunlight 
and 
fluorescent 
lighting 
have 
wavelengths 
in this 
range, exposure 
to these 
light sources 
over an ex- 
tended 
time (about 
1 week in sunlight, 
or 3 years in 
room-level 
fluorescent 
lighting) could cause inadver- 
tent erasure. 
If an application 
subjects 
the device to 
this type of exposure, 
it is suggested 
that an opaque 
label be placed 
over the window. 


+5V 
X ; 
"DOH'T 
CAAE" 


vcc 


P' 


PO 
X 
P2.0- 
X 
P2.3 
.,51H 


P2 .• 
ALE 
ALEtPAOG 


P2.5 
50 ma PULSE 
TO GHD 


PH 


P2.1 
U 
UiVPP 


XTAL2 


AST 
VIH, 


XTALI 


VSS 
PSEH 


The 
recommended 
erasure 
procedure 
is exposure 
to ultraviolet 
light (at 2537 Angstroms) 
to an integrat- 


ed dose 
of at least 
15 W-sec/cm2, 
Exposing 
the 
EPROM 
to an ultraviolet 
lamp 
of 12,000 
/JoW/cm2 
rating for 20 to 30 minutes, 
at a distance 
of about 
1 
inch, should 
be sufficient. 


EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 
TA = 21°C to 27°C; VCC = 5V ±10%; 
VSS = OV 


Symbol 
Parameter 
Mln 
Max 
Units 


VPP 
Programming 
Supply Voltage 
20.5 
21,5 
V 


IPP 
Programming 
Supply Current 
30 
mA 


1/TCLCL 
Oscillator 
Frequency 
4 
6 
MHz 


TAVGL 
Address 
Setup to PROG Low 
48TCLCL 


TGHAX 
Address 
Hold after PROG 
48TCLCL 


TDVGL 
Data Setup to PROG Low 
48TCLCL 


TGHDX 
Data Hold after PROG 
48TCLCL 


TEHSH 
P2.7 (ENABLE) 
High to VPP 
48TCLCL 


TSHGL 
VPP Setup to PROG Low 
10 
J,l,S 


TGHSL 
VPP Hold after PROG 
10 
J,l,S 


TGLGH 
PROGWidth 
45 
55 
ms 


TAVQV 
Address to Data Valid 
48TCLCL 


TELQV 
ENABLE 
Low to Data Valid 
48TCLCL 


TEHQZ 
Data Float after ENABLE 
0 
48TCLCL 
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The following 
are the key differences 
between 
this and the -003 version 
of this data sheet: 


1. Introduction 
was expanded 
to include 
product 
descriptions. 


2. Package 
table was added. 


3. Design Considerations 
added. 


4. Test Conditions 
for 11L1 and IIH specifications 
added to the DC Characteristics. 


5. Data Sheet 
Revision 
Summary 
added. 


inter 
8051AHP 
MCS®-51 FAMILY 
8-BIT CONTROL-ORIENTED 
MICROCONTROLLER 
WITH PROTECTED ROM 


• 
High Performance 
HMOS Process 


• 
Internal 
Timers/Event 
Counters 


• 
2·Level 
Interrupt 
Priority Structure 


• 
32 I/O 
Lines (Four 8-Bit Ports) 


• 
4K Program 
Memory 
Space 


• 
Protection 
Feature 
Protects 
ROM Parts 
Against 
Software 
Piracy 


• 
Boolean 
Processor 


• 
Bit-Addressable 
RAM 


• 
Programmable 
Full Duplex Serial 
Channel 


• 
111 Instructions 
(64 Single-Cycle) 


• 
4K Data Memory 
Space* 
*Expandable 
to 64K 


• 
Available 
in 40 Pin Plastic and CERDIP 
Packages 


(See 
Packaging 
Outlines 
and 
Dimensions 
Order 
# 231369) 


The MCS@-51 products 
are optimized 
for control 
applications. 
Byte-processing 
and numerical 
operations 
on 
small data structures 
are facilitated 
by a variety of fast addressing 
modes for accessing 
the internal 
RAM. The 


instruction 
set provides 
a convenient 
menu of 8-bit arithmetic 
instructions, 
including 
multiply and divide instruc- 


tions. 
Extensive 
on-chip 
support 
is provided 
for one-bit 
variables 
as a separate 
data type, allowing 
direct 
bit 


manipulation 
and testing 
in control 
and logic systems 
that require 
Boolean 
processing. 


MCS·51 HMOS 
Internal 
Memory 
Tlmersl 
Interrupts 
Family Device 
Program 
Data 
Event Counters 


8051AH 
4Kx8 
ROM 
128x8 
RAM 
2 x 16-Bit 
5 


8051AHP 
4Kx8 
ROM 
128x8 
RAM 
2 x 16-Bit 
5 


The 8051AHP 
is identical 
to the 8051AH 
with the exception 
of the Protection 
Feature. 
To incorporate 
this 


Protection 
Feature. 
program 
verification 
has been disabled 
and external 
memory 
accesses 
have been limited 
to 4K. 


-------------, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


r---------- 
Vce 
~-f: 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


12-BIT 
BUSIN 
8051AHP 


I 
I 
I 
________ 
J 


Part 
Prefix 
Package Type 


8051AHP 
P 
40-Pin Plastic DIP 
D 
40-Pin CERDIP 


Pl.0 
Pl.1 
Pl.2 
P1.3 


PL" 
Pl.S 
PU 
Pl.7 


RST 
RID P3.0 
TXD P3.' 
jjffij P3.2 
jjjfi P3.3 
TOPU 
Tl P3.S 
iiilip3.6 
Iili P3.7 
XTAL2 
XTALI 
VSS 


vcc 
PO.OADO 
PO.lADl 
PO.2AD2 
PO.3AD3 
PO.' AD< 
PO.S ADS 
PO.' AD6 
PO.7AD7 
Ei 
ALE 
PWi 
P2.7 
PH 
PH 
P2.' 
P2.3 A11 
P2.2A'O 
P2.1 At 
P2.0 A' 


Pin (PDIP, CERDIP) 


Figure 2. MCSiBl·51Connections 


Vcc 


Supply voltage. 


Port 0 is an 8-bit open drain bidirectional I/O port. As 
an output port each pin can sink 8 LS TTL inputs. 


Port 0 pins that have 1s written to them float, and in 
that state can be used as high-impedance inputs. 


Port 0 is also the multiplexed low-order address and 
data bus during accesses to external Program and 
Data Memory. In this application it uses strong inter- 
nal pullups when emitting 1s and can source and 
sink 8 LS TTL inputs. 


Port 1 is an 8-bit bidirectional I/O port with internal 
pullups. The Port 1 output buffers can sink source 4 


LS TTL inputs. Port 1 pins that have 1s written to 
them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port 1 
pins that are externally being pulled low will source 
current (IlL, on the data sheet) because of the inter- 
nal pullups. 


Port 2 is an 8-bit bidirectional I/O port with internal 
pullups. The Port 2 output buffers can sink/source 4 
LS TTL inputs. Port 2 pins that have 1s written to 
them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port 2 
pins that are externally being pulled low will source 
current (IlL on the data sheet) because of the inter- 
nal pullups. 


Port 2 emits the high-order address byte during 
fetches from external Program Memory and during 
accesses to external Data Memory that use 16-bit 
addresses (MOVX @DPTR). In this application it 
uses strong internal pullups when emitting 1s. Bits 
P2.4 through P2.7 are forced to 0, effectively limiting 
external Data and Code space to 4K each in the 
8051AHP during external accesses'. During access- 
es to external Data Memory that use 8-bit addresses 
(MOVX @Ri), Port 2 emits the contents of the P2 
Special Function Register. 


Port 3 is an 8-bit bidirectional I/O port with internal 
pullups. The Port 3 output buffers can sink/source 4 
LS TTL inputs. Port 3 pins that have 1s written to 
them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port 3 
pins that are externally being pulled low will source 
current (IlL on the data sheet) because of the pull- 
ups. 


Port 3 also serves the functions of various special 
features of the MCS-51 Family, as listed below: 


Port 
Alternative Function 
Pin 


P3.0 
RXD (serial input port) 
P3.1 
TXD (serial output port) 
P3.2 
INTO(external interrupt 0) 
P3.3 
INT1 (external interrupt 1) 
P3.4 
TO(Timer 0 external input) 
P3.5 
T1 (Timer 1 external input) 
P3.6 
WR (external data memory write strobe) 
P3.7 
RD (external data memory read strobe) 


Reset 
input. A high on this pin for two machine 
cy- 
cles while the oscillator 
is running resets the device. 


Address 
Latch 
Enable 
output 
pulse for latching 
the 


low byte of the address 
during accesses 
to external 
memory. 


In normal 
operation 
ALE 
is emitted 
at a constant 
rate of % the oscillator 
frequency, 
and may be used 
for external 
timing or clocking 
purposes. 
Note, how- 


ever, that one ALE pulse is skipped 
during each ac- 
cess to external 
Data Memory. 


Program 
Store Enable is the read strobe to external 
Program 
Memory. 


When 
the 
device 
is executing 
code 
from 
external 


Program 
Memory, 
PSEN is activated 
twice each ma- 
chine 
cycle, 
except 
that 
two 
PSEN activations 
are 


skipped 
during each access to external 
Data Memo- 


ry. 


External 
Access 
enable 
EA should 
be strapped 
to 


Vcc 
for internal 
program 
executions. 
EA must 
be 


strapped 
to Vss in order to enable 
any MCS-51 
de- 


vice to fetch 
code 
from 
external 
Program 
memory 
locations 
starting 
at OOOOHup to FFFFH. 


XTAL 1 and XTAL2 are the input and output, 
respec- 


tively, of an inverting 
amplifier 
which 
can be config- 


ured for use as an on-Chip oscillator, 
as shown 
in 


Figure 3. Either a quartz crystal or ceramic 
resonator 


may be used. More detailed 
information 
concerning 


the use of the on-chip 
oscillator 
is available 
in Appli- 


cation 
Note 
AP-155, 
"Oscillators 
for 
Microcontrol- 


lers." 


To drive the device 
from 
an external 
clock 
source, 


XTAL 1 should 
be grounded, 
while XTAL2 is driven, 


as shown in Figure 4. There are no requirements 
on 


the duty cycle of the external 
clock signal, since the 


input 
to the 
internal 
clocking 
circuitry 
is through 
a 


divide-by-two 
flip-flop, 
but minimum 
and 
maximum 


high and low times specified 
on the Data Sheet must 


be observed. 


EXTERNAL 


OSCILLATOR 
SIGNAL 


The 8051AHP 
cannot 
access 
external 
Program 
or 


Data memory 
above 4K. This means that the follow- 
ing instructions 
that use the Data Pointer only read/ 


write data at address 
locations 
below OFFFH: 


MOVX A, 
@DPTR 
MOVX @DPTR, 
A 


When 
the Data Pointer 
contains 
an address 
above 


the 4K limit, those 
locations 
will not be accessed. 


To access 
Data Memory 
above 4K, the MOVX, @Ri, 


A or MOVX A, @Ri instructions 
must be used. 


inter 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Ambient 
Temperature 
Under Bias .... 
O·C to + 70·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage 
on EAlVpp 
pin to Vss 
- 0.5V to + 21.5V 


Voltage 
on Any Other Pin to Vss 
-0.5V 
to + 7V 


Power Dissipation 
1.5W 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
(Except XTAL2, RST) 
2.0 
Vcc + 0.5 
V 


VIHl 
Input High Voltage to XTAL2, RST 
2.5 
Vcc + 0.5 
V 
XTAL1 = Vss 


VOL 
Output Low Voltage 
(Ports 1,2,3)· 
0.45 
V 
IOL = 1.6 mA 


VOl1 
Output Low Voltage 
(Port 0, ALE, PSEN)· 
0.45 
V 
IOL = 3.2mA 


VOH 
Output High Voltage 
(Ports 1, 2, 3, ALE, PSEN) 
2.4 
V 
IOH = -80 
p.A 


VOHl 
Output High Voltage 
(Port 0 in External 
Bus Mode) 
2.4 
V 
IOH = -400 
p.A 


IlL 
Logical 0 Input Current 
-500 
p.A 
VIN = 0.45V 


IIL2 
Logical 0 Input Current (XTAL2) 
- 
-3.2 
mA 
VIN = 0.45V 


III 
Input Leakage Current (Port 0) 
±10 
p.A 
0.45 ~ VIN ~ Vcc 


IIH 
Input Current to RST to Activate 
Reset 
500 
p.A 
VIN < (Vcc 
- 
1.5V) 


Ice 
Power Supply Current 
125 
mA 
All Outputs 
Disconnected; 
EA = VCC 


CIO 
Pin Capacitance 
10 
pF 
Test freq = 1 MHz 


·NOTE: 
Capacitive 
loading 
on Ports 0 and 2 may cause 
spurious 
noise 
pulses 
to be superimposed 
on the 
VOLS 
of ALE and Ports 
1 
and 3. The noise is due to external 
bus capacitance 
discharging 
into the Port 0 and Port 2 pins when these 
pins make 
1-to-O 
transitions 
during 
bus operations. 
In the worst 
cases 
(capacitive 
loading> 
100 pF), the noise 
pulse 
on the ALE 
line may 
exceed 
O.BV. In such cases 
it may be desirable 
to qualify 
ALE with a Schmitt 
Trigger, 
or use an address 
latch with a SChmitt 
Trigger 
STROBE 
input. 


A.C. CHARACTERISTICS 
TA = O·Cto 
+70·C;Vcc 
= 5V ±10%;Vss 
= OV; 
Load Capacitance 
for Port 0, ALE, and PSEN = 100 pF; 
Load Capacitance 
for All Other Outputs = 80 pF 


Symbol 
Parameter 
12 MHz Oscillator 
Variable Oscillator 
Units 
Mln 
Max 
Mln 
Max 


1/TCLCL 
Oscillator 
Frequency 
3.5 
12.0 
MHz 


TLHLL 
ALE Pulse Width 
127 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
43 
TCLCL-40 
ns 


TLLAX 
Address 
Hold after ALE Low 
48 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid Instr In 
233 
4TCLCL-100 
ns 


TLLPL 
ALE Low to PSEN Low 
58 
TCLCL-25 
ns 


TPLPH 
PSEN Pulse Width 
215 
3TCLCL-35 
ns 


TPLIV 
PSEN Low to Valid Instr In 
125 
3TCLCL-125 
ns 


TPXIX 
Input Instr Hold after PSEN 
0 
0 
ns 


TPXIZ 
Input Instr Float after PSEN 
63 
TCLCL-20 
ns 


TPXAV 
PSEN to Address 
Valid 
75 
TCLCL-8 
ns 


TAVIV 
Address 
to Valid Instr In 
302 
5TCLCL-115 
ns 


TPLAZ 
PSEN Low to Address 
Float 
20 
20 
ns 


TALAH 
AD Pulse Width 
400 
6TCLCL-100 
ns 


TWLWH 
WA Pulse Width 
400 
6TCLCL-100 
ns 


TALDV 
AD Low to Valid Data In 
252 
5TCLCL-165 
ns 


TAHDX 
Data Hold after AD 
0 
0 
ns 


TAHDZ 
Data Float after AD 
97 
2TCLCL-70 
ns 


TLLDV 
ALE Low to Valid Data In 
517 
8TCLCL-150 
ns 


TAVDV 
Address to Valid Data In 
585 
9TCLCL-165 
ns 


TLLWL 
ALE Low to AD or WA Low 
200 
300 
3TCLCL-50 
3TCLCL+50 
ns 


TAVWL 
Address 
to AD or WA Low 
203 
4TCLCL-130 
ns 


TQVWX 
Data Valid to WA Transition 
23 
TCLCL-60 
ns 


TQVWH 
Data Valid to WA High 
433 
7TCLCL-150 
ns 


TWHQX 
Data Hold after WA 
33 
TCLCL-50 
ns 


TALAZ 
AD Low to Address 
Float 
20 
20 
ns 


TWHLH 
AD or WA High to ALE High 
43 
123 
TCLCL-40 
TCLCL+40 
ns 


TAVDV 


P2.0-P2.7 OR A8-A15 
FROM DPH 


inter 


SERIAL PORT TIMING-5HIFT 
REGISTER MODE 
Test Conditions: 
TA = O·C to + 70·C; Vcc = 5V ± 10%; Vss = OV; Load Capacitance 
= 80 pF 


Symbol 
Parameter 
12 MHz Oscillator 
Variable Oscillator 
Units 
Mln 
Max 
Mln 
Max 


TXLXL 
Serial Port Clock Cycle Time 
1.0 
12TCLCL 
p..s 


TOVXH 
Output Data Setup to Clock Rising 
700 
1OTCLCL - 133 
ns 


Edge 


TXHOX 
Output Data Hold after Clock 
50 
2TCLCL-117 
ns 
Rising Edge 


TXHDX 
Input Data Hold after Clock Rising 
0 
0 
ns 
Edge 


TXHDV 
Clock Rising Edge to Input Data 
700 
1OTCLCL -133 
ns 
Valid 
o~ 


I" 
lov.Iot 
..• 1~ 
UHQX 
I 


ou',",o•••----':-=--=--_-..... 
-X'-_---JX'- __ 
..IX'-__ 
..JX'-_---JX'--_-'X'- 
__ 
..IX~_.....J7 


I 
I 
"t.. 


".0' ---..j --l f-- ".0' 


inter 


Symbol 
Parameter 
Mln 
Max 
Units 


1/TClCl 
Oscillator Frequency 
3.5 
12 
MHz 


TCHCX 
High Time 
20 
ns 


TClCX 
low Time 
20 
ns 


TClCH 
Rise Time 
20 
ns 


TCHCl 
Fall Time 
20 
ns 


The following are the key differences between this 
and the -002 version of 8051AHP data sheet: 
1. Package Table was added. 
2. Added clearer explanation to DESIGN CONSID- 


ERATION. 
3. Data Sheet Revision Summary was added. 


2.4=>(2,0 
2'oX= 
> TEST 
POINTS < 
0.' 
0.' 
o.u 
-------- 


A.C. Testing: Inputs are driven at 2.4V for a Logic "1" and 0,45V 
for a Logic "0", Timing measurements are made at 2,OV for a 
Logic "1" and O,BVfor a Logic "0", 


The program verification test mode has been elimi- 
nated on the 8051AHP. It is not possible to verify the 
ROM contents using this mode, the way EPROM 
programmers typically do. Also, the ROM contents 
cannot be verified by a program executing out of 
external program memory due to the restricted ad- 
dressing on the 8051AHP. 


8031AH/8051AH 
8032AH/8052AH 
8751 H/8751 H·8 


The Intel EXPRESS 
system 
offers 
enhancements 
to the operational 
specifications 
of the MCS~-51 
family of 
microcontrollers. 
These 
EXPRESS 
products 
are designed 
to meet 
the needs 
of those 
applications 
whose 
operating 
requirements 
exceed 
commercial 
standards. 


The EXPRESS 
program 
includes 
the commercial 
standard 
temperature 
range with burn·in, and an extended 
temperature 
range with or without 
burn·in. 


With the commercial 
standard 
temperature 
range operational 
characteristics 
are guaranteed 
over the temper- 


ature 
range 
of O·C to 70·C. 
With 
the extended 
temperature 
range 
option, 
operational 
characteristics 
are 
guaranteed 
over the range of - 40·C to + 85·C. 


The optional 
burn-in is dynamic, 
for a minimum time of 160 hours at 125·C with Vee = 5.5V ± 0.25V, following 
guidelines 
in MIL-STD·883, 
Method 
1015. 


Package 
types 
and EXPRESS 
versions 
are identified 
by a one· or two-letter 
prefix to the part number. 
The 
prefixes 
are listed in Table 
1. 


For the extended 
temperature 
range option, this data sheet specifies 
the parameters 
which deviate from their 
commercial 
temperature 
range 
limits. The commercial 
temperature 
range 
data sheets 
are applicable 
for all 


parameters 
not listed here. 


Electrical Deviations 
from Commercial 
Specifications 
for Extended 
Temperature 
Range 


D.C. and A.C. parameters 
not included 
here are the 
same as in the commercial 
temperature 
range data 
sheets. 


Symbol 
Parameter 
Mln 
Max 
Unit 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.75 
V 


VIH 
Input High Voltage 
(Except 
2.1 
Vee + 0.5 
V 
XTAL2, RST) 


Ice 
Power Supply Current: 
8051AH,8031AH 
135 
mA 
All Outputs 
8052AH, 
8032AH 
175 
mA 
Disconnected; 
8751 H, 8751 H-8 
265 
mA 
EA = Vee 


11L2 
Logic 0 Input Current (XTAL2) 
-4.0 
mA 
Vin = 0.45V 


inter 


Prefix 
Package 
Type 
Temperature 
Range 
Bum-In 


P 
plastic 
commercial 
no 


0 
cerdip 
commercial 
no 


C 
ceramic 
commercial 
no 


N 
PLCC 
commercial 
no 


R 
LCC 
commercial 
no 


TP 
plastic 
extended 
, 
no 


TO 
cerdip 
extended 
no 


TC 
ceramic 
extended 
no 


QP 
plastic 
commercial 
yes 


QD 
cerdip 


.. 


commercial 
yes 


QC 
ceramic 
commercial 
yes 


LP 
plastic 


. 


extended 
, 
• 
yes 


LD 
cerdip 
extended 
yes 


LC 
ceramic 
extended 
yes 


Please note: 


• 
Commercial 
temperature 
range is O·C to 70·C. Extended 
temperature 
range is - 40·C to + 85·C. 


• 
Burn-in is dynamic, 
for a minimum 
time of 160 hours at 125·C, Vcc 
= 5.5V ±0.25V, 
following 
guidelines 
in 


MIL-STD-883 
Method 
1015 (Test Condition 
D). 


• 
The following 
devices 
are not available 
in ceramic 
packages: 


8051AH,8031AH 
8052AH, 
8032AH 


• 
The following 
devices 
are not available 
in extended 
temperature 
range: 


8751 H, 8751 H-8 


Examples: 
P8031AH 
indicates 
8031AH 
in a plastic 
package 
and specified 
for commercial 
temperature 
range, 


without 
burn-in. 
LD8051AH 
indicates 
8051AH 
in a cerdip 
package 
and specified 
for extended 
temperature 


range with burn-in. 


inter 
8751BH 
SINGLE-CHIP 8-BIT MICROCOMPUTER 
WITH 4K BYTES OF EPROM PROGRAM MEMORY 


• 
Program Memory Lock 


• 
128 Bytes Data Ram 
• 
Quick Pulse Programming™ 
Algorithm 


• 
12.75 Volt Programming Voltage 


• 
Boolean Processor 
• 
32 Programmable 
I/O Lines 


• 
Two 16-Bit Timer/Counters 


• 
5 Interrupt Sources 


• 
Programmable Serial Channel 


• 
64K External Program Memory Space 


• 
64K External Data Memory Space 


r---------- 
v~ 


Vss-:F 


Part 
Prefix 
Package 
Type 


a751BH 
P 
40-Pin Plastic DIP 
N 
44-Pin PLCC 


PLO 


Pl.l 


Pl.2 


Pl.3 


Pl.. 


Pl.5 


Pl.6 


P1.7 


RESET 


(RXO) 
P3.0 


(TXO) 
P3.1 


(INTO) 
P3.2 


(INTl) 
P3.3 
(TO) PH 


(Tl) 
P3.5 
(Wil) PM 


(RD) 
P3.7 


XTAL2 


XTALI 


Vss 


Pl.5 


Pl.6 


Pl.7 


RST 


(RXO) no 


NC 


(TXO) P3.1 


(INTO) P3.2 


(INTl) 
P3.3 


(TO) P3 .• 


(Tl) P3.5 


Pad (PLCC) 


Figure 2. Pin Connections 


Vcc 
po.o (ADO) 


PO.l 
(1.01) 


PO.2 (1.02) 


PO.3 (1.03) 


PO•• (AD.) 


PO.5 (1.05) 


PO.6 (1.06) 


PO.7 (1.07) 
Ei./VPP 


ALE/PiiOG 


PSEN 


P2.7 
(1.15) 


P2.6 
(1.1.) 


P2.5 
(1.13) 


P2 •• 
(1.12) 


P2.3 
(All) 


P2.2 
(1.10) 


P2.1 
(1.9) 
no 
(1.8) 


270248-2 


PO.4 (1.04) 


PO.5 (ADS) 


PO.6 (1.06) 


PO.7 (1.07) 


EA/Vpp 


NC 


ALE/PROG 


PSEN 


P2.7 (1.15) 


P2.6 (1.14) 


P2.5 
(1.13) 


Vcc: Supply voltage. 


VSs: Circuit ground. 


Port 0: Port 0 is an a-bit open drain bidirectional I/O 
port. As an output port each pin can sink a LS TIL 
inputs. Port 0 pins that have 1s written to them float, 
and in that state can be used as high-impedance 
inputs. 


Port 0 is also the multiplexed low-order address and 
data bus during accesses to external Program and 
Data Memory. In this application it uses strong inter- 
nal pullups when emitting 1s, and can source and 
sink a LS TIL inputs. 


Port 0 also receives the code bytes during EPROM 
programming, and outputs the code bytes during 
program verification. External pullups are required 
during program verification. 


Port 1: Port 1 is an a-bit bidirectional I/O port with 
internal pullups. The Port 1 output buffers can sink/ 
source 4 LS TIL 
inputs. Port 1 pins that have 1s 
written to them are pulled high by the internal pull- 
ups, and in that state can be used as inputs. As 
inputs, Port 1 pins that are externally being pulled 
low will source current (IlL, on the data sheet) be- 
cause of the internal pullups. 


Port 1 also receives the low-order address bytes 
during EPROM programming and program verifica- 
tion. 


Port 2: Port 2 is an a-bit bidirectional I/O port with 
internal pullups. The Port 2 output buffers can sink/ 
source 4 LS TIL 
inputs. Port 2 pins that have 1s 
written to them are pulled high by the internal pull- 
ups, and in that state can be used as inputs. As 
inputs, Port 2 pins that are externally being pulled 
low will source current (IlL, on the data sheet) be- 
cause of the internal pullups. 


Port 2 emits the high-order address byte during 
fetches from external Program Memory and during 
accesses to external Data Memory that use 16-bit 
addresses (MOVX @DPTR). In this application it 
uses strong internal pullups when emitting 1s. Dur- 
ing accesses to external Data Memory that use a-bit 
addresses (MOVX @Ri),Port 2 emits the contents of 
the P2 Special Function Register. 


Port 2 also receives the high-order address bits dur- 
ing EPROM programming and program verification. 


Port 
3: Port 3 is an 8-bit bidirectional 
1/0 port with 
internal 
pullups. 
The Port 3 output 
buffers 
can sinkl 
source 
4 LS TTL 
inputs. 
Port 3 pins that 
have 
1s 
written 
to them 
are pulled 
high by the internal 
pull- 
ups, 
and 
in that 
state 
can 
be used 
as inputs. 
As 
inputs, 
Port 3 pins that 
are externally 
being 
pulled 
low will source 
current 
(IlL, on the data sheet) 
be- 
cause of the pullups. 


Port 3 also serves 
the functions 
of various 
special 
features 
of the MCSiP)-51 Family, as listed below: 


Port Pin 
Alternate 
Function 


P3.0 
RXD (serial input port) 
P3.1 
TXD (serial output port) 
P3.2 
lNiO (external 
interrupt 
0) 
P3.3 
INT1 (external 
interrupt 
1) 
P3.4 
TO (Timer 0 external 
input) 
P3.5 
T1 (Timer 1 external 
input) 
P3.6 
WR (external 
data memory write strobe) 
P3.7 
AD (external 
data memory read strobe) 


RST: Reset input. A high on this pin for two machine 
cycles 
while the oscillator 
is running 
resets 
the de- 
vice. 


ALE/PROG: 
Address 
Latch Enable output 
pulse for 
latching 
the low byte of the address during accesses 
to external 
memory. 
This 
pin is also 
the 
program 
pulse input (PROG) during EPROM 
programming. 


In normal 
operation 
ALE 
is emitted 
at a constant 
rate 
of 
116 the 
oscillator 
frequency, 
and 
may 
be 
used for external 
timing or clocking 
purposes. 
Note, 
however, 
that one ALE pulse is skipped 
during each 
,ccess 
to external 
Data Memory. 


'PsEN: Program 
Store Enable is the Read strobe 
to 
EXternal Program 
Memory. 


When 
the 8751 BH is executing 
code from 
external 
Program 
Memory, 
PSEN is activated 
twice each ma- 
chine 
cycle, 
except 
that 
two 
PSEN 
activations 
are 
skipped 
during each access to External 
Data Memo- 
ry. 


EA/Vpp: 
External 
Access 
enable. 
EA 
must 
be 
strapped 
to Vss 
in order 
to enable 
the 
device 
to 
fetch code from External 
Program 
Memory 
locations 
starting 
at OOOOHup to FFFFH. 
Note, however, 
that 
if either of the Lock Bits are programmed, 
EA will be 
internally 
latched 
on reset. 


EA should 
be strapped 
to Vcc 
for internal 
program 
executions. 


This pin also receives 
the 12.75V programming 
sup- 
ply voltage 
(Vpp) during EPROM 
programming. 


XT AL2: 
Output 
from the inverting 
oscillator 
amplifi- 
er. 


XTAL 1 and XTAL2 are the input and output, 
respec- 
tively, of an inverting 
amplifier 
which 
can be config- 


ured for use as an on-chip 
oscillator, 
as shown 
in 
Figure 3. Either a quartz crystal or ceramic 
resonator 
may be used. More detailed 
information 
concerning 
the use of the on-chip 
oscillator 
is available 
in Appli- 
cations 
Note AP-155, 
"Oscillators 
for Microcontrol- 
lers." 


To drive the device 
from 
an external 
clock 
source, 
XTAL 1 should 
be grounded, 
while XT AL2 is driven, 
as shown in Figure 4. There are no requirements 
on 
the duty cycle of the external 
clock signal, since the 
input 
to the internal 
clocking 
circuitry 
is through 
a 
divide-by-two 
flip-flop, 
but minimum 
and 
maximum 
high and low times specified 
on the Data Sheet must 
be observed. 


XTAL 1 


vss 


EXTERNAL 
OSCILLATOR 
SIGNAL 


If an 8751 BH is replacing 
an 8751 H in an existing 
design, the user should carefully 
compare 
both data 
sheets for DC or AC Characteristic 
differences. 
Note 
that the VIH and IIH specifications 
for the EA pin dif- 
fer significantly 
between 
the 8751 Hand 
8751 BH. 


AmbientTemperature 
Under Bias .... 
O'C to + 70'C 


Storage Temperature 
- 65'C to + 150'C 


Voltage on EAlVpp 
Pin to Vss 
.,. 
- 0.5V to + 13.0V 


Voltage on Any Other Pin to Vss 
- 0.5V to + 7V 


Maximum 
tOL Per I/O Pin 
15 mA 


Power Dissipation 
1.5W 
(based 
on PACKAGE 
heat transfer 
limitations, 
not 
device 
power consumption) 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE: Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Mln 
Max 
Unit 
Test Conditions 


VIL 
Input Low Voltage 
(Except EA) 
-0.5 
0.8 
V 


VIL1 
Input Low Voltage Eli: 
Vss 
0.7 
V 
,~, 
.. 


VIH 
Input High Voltage 
2.0 
Vcc+0.5 
V 
(Except XTAL2, RST, EA) 


VIH1 
Input High Voltage 
XTAL2, RST 
2.5 
Vcc+0.5 
V 
XTAL1 = VSS 


VIH2 
Input High Voltage to EA 
4.5 
5.5 
V 


VOL 
Output Low Voltage 
(Note 3) 
0.45 
V 
IOL = 1.6 mA (Note 1) 
(Ports 1, 2 and 3) 


VOL1 
Output Low Voltage 
(Note 3) 
0.45 
V 
IOL = 3.2 mA (Notes 1, 2) 
(Port 0, ALE/PROG, 
PSEN) 


VOH 
Output High Voltage 
__ 
2.4 
V 
IOH = -80 
p.A 
(Ports 1, 2, 3, ALE/PROG 
and PSEN) 


VOH1 
Output High Voltage 
2.4 
V 
IOH = -400p.A 
(Port 0 in External Bus Mode) 


IlL 
Logical 0 Input Current 
-1 
mA 
VIN = 0.45V 
(Ports 1, 2, 3 and RST) 


11L1 
Logical 0 Input Current (EA) 
-10 
mA 
VIN = VSS 


11L2 
Logical 0 Input Current (XTAL2) 
-3.2 
mA 
VIN = 0.45 V XTAL 1 = Vss 


III 
Input Leakage Current (Port 0) 
±10 
p.A 
0.45 < VIN < Vcc 


IIH 
Logical 1 Input Current (EA) 
1 
mA 
4.5V < VIN < 5.5V 


IIH1 
Input Current to RST 
500 
p.A 
VIN < (Vcc 
- 
1.5V) 
to Activate 
Reset 


Icc 
Power Supply Current 
175 
mA 
All Outputs 
Disconnected 


CIO 
Pin Capacitance 
10 
pF 
Test Freq = 1MHz 


NOTES: 
1. Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the VOLSof ALE/PROG 
and Ports 1 and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins 
make 1-to-0 transitions during bus operations. In the worst cases (capacitive loading> 
100 pF), the noise pulse on the 
ALE/PROG pin may exceed 0.8V. In such cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address 
latch with a Schmitt Trigger STROBE input. 
2. ALE/PROG refers to a pin on the 8751BH. ALE refers to a timing signal that is output on the ALE/PROG pin. 
3. Under steady state (non-transient) conditions, IOLmust be externally limited as follows: 


Maximum IOLper port pin: 
10 mA 
Maximum IOLper 8-bit port - 
Port 0: 
26 mA 
Ports 1, 2, and 3: 
15 mA 
Maximum total IOLfor all output pins: 
71 mA 
If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater 
than the listed test conditions. 


A.C. CHARACTERISTICS 
(TA = O·C to + 70·C; Vcc = 5V ± 10%; VSS = OV); Load Capacitance 
for 


Port 0, ALE/PROG, 
and PSEN = 100 pF; Load Capacitance 
for All Other Outputs = 80 pF) 


Symbol 
Parameter 
12 MHzOsc 
Variable 
Oscillator 
Units 


I 
,. 
Mln 
Max 
Mln 
Max 


1/TCLCL 
Oscillator 
Frequency 
• 
3.5 
12.0 
MHz 


TLHLL 
ALE Pulse Width 
127 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
43 
TCLCL-40 
ns 


TLLAX 
Address 
Hold After ALE Low 
48 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid Instruction 
In 
233 
4TCLCL-100 
ns 


TLLPL 
ALE Low to ~ 
Low 
58 
TCLCL-25 
ns 


TPLPH 
PSEN Pulse Width 
215 
3TCLCL-35 
ns 


TPLIV 
PSEN Low to Valid Instruction 
In 
125 
3TCLCL-125 
ns 


TPXIX 
Input Instr Hold After PSEN 
0 
0 
ns 


TPXIZ 
Input Instr Float After PSEN 
63 
TCLCL-20 
ns 


TPXAV 
PSEN to Address 
Valid 
75 
TCLCL-8 
ns 


TAVIV 
Address 
to Valid Instruction 
In 
302 
5TCLCL-115 
ns 


TPLAZ 
PSEN Low to Address 
Float 
20 
20 
ns 


TRLRH 
RD Pulse Width 
400 
6TCLCL-100 
ns 


TWLWH 
WR Pulse Width 
400 
6TCLCL-100 
ns 


TRLDV 
RD Low to Valid Data In 
252 
5TCLCL-165 
ns 


TRHDX 
Data Hold After RD 
0 
0 
ns 


TRHDZ 
Data Float After RD 
97 
2TCLCL-70 
ns 


TLLDV 
ALE Low to Valid Data In 
517 
8TCLCL-150 
ns 


TAVDV 
Address 
to Valid Data In 
585 
9TCLCL-165 
ns 


TLLWL 
ALE Low to RD or WR Low 
200 
300 
3TCLCL-50 
3TCLCL+50 
ns 


TAVWL 
Address 
to RD or WR Low 
203 
4TCLCL-130 
ns 


TQVWX 
Data Valid to WR Transition 
23 
TCLCL-60 
ns 


TQVWH 
Data Valid to WR High 
433 
7TCLCL-150 
ns 


TWHQX 
Data Held After WR 
33 
TCLCL-50 
ns 


TRLAZ 
RD Low to Address 
Float 
0 
.0 
ns 


TWHLH 
RD or WR High to ALE High 
43 
123 
TCLCL-40 
TCLCL+40 
ns 


TLLDV 
"I 
TRLRH 


TA.vDV 


P2.0-P2.7 
OR A8-A15 
FROM DPH 
A8-A15 
FROM PCH 


270248-8 


TQVWH 


DATA OUT 


A8-A 15 FROM PCH 


270248-7 


Symbol 
Parameter 
12MHzOsc 
Variable Oscillator 
Units 
Mln 
Max 
Mln 
Max 


TXLXL 
Serial Port Clock Cycle Time 
1.0 
12TCLCL 
J.Ls 


TOVXH 
Output 
Data Setup to 
700 
1OTCLCL -133 
ns 


Clock Rising Edge 


TXHOX 
Output Data Hold After 
50 
2TCLCL-117 
ns 


Clock Rising Edge 


TXHDX 
Input Data Hold After 
0 
0 
ns 
Clock Rising Edge 


TXHDV 
Clock Rising Edge to 
700 
1OTCLCL -133 
ns 
Input Data Valid 


INSTRUCTION I 
0 


ALE 


OUTPUT 
DATA 
t 
WRITE TO SBur 


INPUT 
DATA 


t 
CLEAR RI 
t 
SET RI 


27024B-B 


inter 


Symbol 
Parameter 
Mln 
Max 
Units 


1/TClCl 
Oscillator Frequency 
3.5 
12 
MHz 


TCHCX 
High Time 
20 
ns 


TClCX 
low Time 
20 
ns 


TClCH 
Rise Time 
20 
ns 


TCHCl 
Fall Time 
20 
ns 


To be programmed, the part must be running with a 
4 to 6 MHz oscillator. (The reason the oscillator 
needs to be running is that the internal bus is being 
used to transfer address and program data to appro- 
priate internal registers.) The address of an EPROM 
location to be programmed is applied to Port 1 and 
pins P2.0 - P2.3 of Port 2, while the code byte to be 
programmed into that location is applied to Port O. 
The other Port 2 and 3 pins, and RST, PSEN, and 
EAlVpp should be held at the "Program" levels indi- 
cated in Table 1. AlE/PROG 
is pulsed low to pro- 
gram the code byte into the addressed EPROM lo- 
cation. The setup is shown in Figure 5. 


Normally EA~is 
held at a logic high-.!!."til just 
before AlE/PROG 
is to be pulsed. Then EAlVpp is 
raised to Vpp, AlE/PROG 
is pulsed low, and then 
EAlVpp is returned to a valid high voltage. The volt- 
age on the EAlVpp pin must be at the valid EAlVpp 
high level before a verify is attempted. Waveforms 
and detailed timing specifications are shown in later 
sections of this data sheet. 


Note that the EAlVpp pin must not be allowed to go 
above the maximum specified Vpp level for any 


2.4=>(2.0 
i.oX= 
0.8 
TESTPOINTS 0.8 


0.45V 
---------- 
270248-10 
AC inputs during testing are driven at 2.4V for a logic "1" and 
0.45V for a logic "0". Timing measurements are made at 2.0V for 
a logic "1" and 0.8V for a logic "0". 


amount of time. Even a narrow glitch above that volt- 
age level can cause permanent damage to the de- 
vice. The Vpp source should be well regulated and 
free of glitches. 


MODE 
RST 
PSEN 
ALEI 
EAI 
P2.7 
P2.6 
P3.6 
P3.7 
PROG 
Vpp 


Program Code Data 
1 
0 
O' 
Vpp 
1 
0 
1 
1 


Verify Code Data 
1 
0 
1 
1 
0 
0 
1 
1 


Program Encryption Table 
1 
0 
O' 
Vpp 
1 
0 
0 
1 
Use Addresses 0-1FH 


Program Lock 
x=1 
1 
0 
O' 
Vpp 
1 
1 
1 
1 
Bits (LBx) 
x=2 
1 
0 
O' 
Vpp 
1 
1 
0 
0 


Read Signature 
1 
0 
1 
1 
0 
0 
0 
0 


NOTES: 
"1" = Valid high for that pin 
"0" = Valid low for that pin 
"Vpp" = +12.75V 
±0.25V 


• ALE/PROG is pulsed low for 100 uS for programming. (Quick-Pulse Programming™) 


QUICK-PULSE 
PROGRAMMINGTM 
ALGORITHM 


The 8751BH can be programmed using the Quick- 
Pulse Programming Algorithm for microcontrollers. 
The features of the new programming method are a 
lower Vpp (12.75 volts as compared to 21 volts) and 
a shorter programming pulse. It is possible to pro- 
gram the entire 4K Bytes of EPROM memory in less 
than 13 seconds with this algorithm 


To program the part using the new algorithm, Vpp 
must be 12.75 ± 0.25 Volts. ALE/PROG is pulsed 
low for 100 /-Lseconds,25 times. Then, the byte just 
programmed may be verified. After programming, 
the entire array should be verified. The Program 
Lock features are programmed using the same 
method, but with the setup as shown in Table 1. The 
only difference in programming Lock features is that 
the Lock features cannot be directly verified. In- 
stead, verification of programming is by observing 
that their features are enabled. 


If the Lock Bits have not been programmed, the on- 
chip Program Memory can be read out"for verifica- 
tion purposes, if desired, either during or after the 
programming operation. The address of the Program 
Memory location to be read is applied to Port 1 and 
pins P2.0 - P2.3. The other pins should be held at 
the "Verify" levels indicated in Table 1. The con- 


tents of the addressed location will come out on Port 
O. External pullups are required on Port 0 for this 
operation. (If the Encryption Array in the EPROM 
has been programmed, the data present at Port 0 
will be Code Data XNOR Encryption Data. The user 
must know the Encryption Array contents to manual- 
ly "unencrypt" the data during verify.) 


The setup, which is shown in Figure 6, is the same 
as for programming the EPROM except that pin P2.7 
is held at a logic low, or may be used as an active 
low read strobe. 


PGW OAT..•. 
(USE 10K 
PULLUPS) 


The 
two-level 
Program 
Lock 
system 
consists 
of 2 
Lock bits and a 32-byte 
Encryption 
Array which 
are 
used 
to protect 
the program 
memory 
against 
soft- 
ware piracy. 


Encryption 
Array 


Within the EPROM 
array are 32 bytes of Encryption 
Array that are initially 
unprogrammed 
(all 1s). Every 
time that a byte is addressed 
during a verify, 
5 ad- 
dress lines are used to select 
a byte of the Encryp- 
tion 
Array. 
This 
byte 
is 
then 
exclusive-NORed 
(XNOR) 
with the code 
byte, creating 
an Encrypted 
Verify 
byte. The algorithm, 
with the array in the un- 
programmed 
state (all 1s), will return the code in its 
original, 
unmodified 
form. 


It is recommended 
that whenever 
the Encryption 
Ar- 
ray is used, 
at least 
one of the 
Lock 
Bits be pro- 
grammed 
as well. 


Also included 
in the EPROM 
Program 
Lock scheme 
are 
two 
Lock 
Bits 
which 
function 
as 
shown 
in 
Table 2. 


Lock Bits 
Logic Enabled 
LB1 
LB2 


U 
U 
Minimum 
Program Lock features 
enabled. 
(Code Verify will still be 
encrypted 
by the Encryption 
Array) 


P 
U 
MOVC instructions 
executed 
from 
external 
program 
memory are 
disabled 
from fetching 
code bytes 
from internal 
memory, 
EA is 
sampled 
and latched on reset, 
and further programming 
of the 
EPROM is disabled 


P 
P 
Same as above, but Verify is also 
disabled 


U 
P 
Reserved 
for Future Definition 


P = Programmed 
U = Unprogrammed 


To ensure 
proper functionality 
of the chip, the inter- 


nally latched 
value of the EA pin must agree with its 


external 
state. 


This device is in a plastic package 
without 
a window 


and, therefore, 
cannot 
be erased. 


Reading the Signature 
Bytes 


The signature 
bytes are read by the same procedure 


as a normal verification 
of locations 
030H and 031 H, 


except 
that 
P3.6 and 
P3.7 need to be pulled 
to a 


logic low. the values 
returned 
are: 


(030H) = 89H indicates 
manufactured 
by Intel 
(031 H) = 51 H indicates 
8751 BH 


inter 


EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 
(TA = 21°C to 2rc, 
vcc 
= 5.0V 
±10%, 
vss 
= OV) 


Symbol 
Parameter 
Mln 
Max 
Units 


Vpp 
Programming 
Supply Voltage 
12.5 
13.0 
V 


IPP 
Programming 
Supply Current 
50 
mA 


1/TCLCL 
Oscillator 
Frequency 
4 
6 
MHz 


TAVGL 
Address 
Setup to PROG Low 
48TCLCL 


TGHAX 
Address 
Hold After PROG 
48TCLCL 
~ 


TDVGL 
Data Setup to PROG Low 
48TCLCL 


TGHDX 
Data Hold After PROG 
48TCLCL 
; 


TEHSH 
P2.7 (ENABLE) 
High to Vpp 
48TCLCL 


TSHGL 
Vpp Setup to PROG Low 
10 
J-tsec 


TGHSL 
Vpp Hold After P"ROG 
10 
J-tsec 


TGLGH 
PROGWidth 
90 
110 
J-tsec 


TAVQV 
Address to Data Valid 
48TCLCL 


TELQV 
ENABLE 
Low to Data Valid 
48TCLCL 


TEHQZ 
Data Float After ENABLE 
0 
48TCLCL 


TGHGL 
PROG High to PROG Low 
10 
J-tsec 


TDVGl 


TAVGl 


TSHGl 
TGlGH 
A 
Vpp 


----------)-.--.--~ITEHSH 


P2.7 ----- 


inter 


The following 
are the key differences 
between 
this and the -002 version 
of 8751 BH data sheet: 


1. Status went from ADVANCE 
INFORMATION 
to PRELIMINARY. 


2. Package 
Table was added. 


3. PLCC pin connections 
shown. 


4. Design Considerations 
section 
replaced 
with reference 
to previous 
designs 
using the 8751 H. 


5. Note 3 on maximum 
current 
specification 
was added to DC Characteristics. 


6. Table 
1 updated 
to show Read Signature 
Mode. 


7. ERASING 
THE EPROM 
paragraph 
deleted. 


8. ERASURE 
CHARACTERISTICS 
section 
changed 
to indicate 
plastic 
packages 
only. 


9. Signature 
Bytes added. 


10. Data Sheet 
Revision 
Summary 
was added. 


inter 
8752BH 
SINGLE-CHIP 8-BIT MICROCOMPUTER 
WITH 8K BYTES OF EPROM PROGRAM MEMORY 


• 
2-Blt Program Memory Lock 


• 
256 Bytes Data Ram 
• 
Quick Pulse Programmlng™ 
Algorithm 


• 
12.75 Volt Programming Voltage 


• 
Boolean Processor 
• 
32 Programmable 
I/O Lines 


• 
Three 16-Blt Timer/Counters 


• 
6 Interrupt Sources 
• 
Programmable Serial Channel 


• 
Separate Transmit/Receive 
Baud Rate 
Capability 


• 
64K External Program Memory Space 


• 
64K External Data Memory Space 


r---------- 
v~ 
Vss-:F 


I'ml 
AlE/~ 
rJ.jVpp 
RST 


Part 
Prefix 
Package Type 


8752BH 
P 
40-Pin Plastic DIP 
0 
40-Pin CERDIP 
N 
44-Pin PLCC 
R 
44-Pin LCC 


(12) Pl.0 


(f2EX) 
P1.1 


P1,2 


P1.3 
Pl.. 


P105 


PI.6 


P107 


RES•• 


(RXD) P3.0 


(TXO) P3.1 


(iHiO) 
P3.2 
(tNfi) Pl.! 


(TO) 
P3.• 


(11) 
Pl.5 
(~) 
Pl.! 


(RD) 
Po5.7 


XlAl2 


xrAU 
HI 


Vcc 


PO.O (AOO) 


PO.1 (A01) 


PO.l (1.02) 


PO.! (Am) 


PO.• ("04) 


PO.S 'A05) 


PO.6 (0406) 


PO.? (A07) 


fi/Vpp 


AlE/PROG 


PS'N 
P2.7 
(AI5) 


P2.6 
(AI4) 


P2.5 (AI3) 


P2.• 
(A'2) 
P2.3 (All) 


P2.2 
(AID) 


P2.1 (Ai) 


P2.0 
(AS) 


P105 


P106 


P1.7 


OSf 


(RXO) P3.0 
11 


Ne 


(TXO) P3.1 


(iNfO) 
P3.2 
(iNfi) P3.3 


(TO) P3.o4 


(Tl) P3.5 


Port 0: Port 0 is an 8-bit open drain bidirectional I/O 
port. As an output port each pin can sink 8 LS TTL 
inputs. Port 0 pins that have 1s written to them float, 
and in that state can be used as high-impedance 
inputs. 


,",ort0 IS also the multiplexed low-order address and 
data bus during accesses to external Program and 
Data Memory. In this application it uses strong inter- 
nal pullups when emitting 1s, and can source and 
sink 8 LS TTL inputs. 


Port 0 also receives the code bytes during EPROM 
programming, and outputs the code bytes during 
program verification. External pullups are required 
during program verification. 


Port 1: Port 1 is an 8-bit bidirectional I/O port with 
internal pullups. The Port 1 output buffers can sink/ 
source 4 LS TTL inputs. Port 1 pins that have 1s 
written to them are pulled high by the internal pull- 
ups, and in that state can be used as inputs. As 
inputs, Port 1 pins that are externally being pulled 
low will source current (IlL, on the data sheet) be- 
cause of the internal pullups. 


Port 1 also receives the low-order address bytes 
during EPROM programming and program verifica- 
tion. 


In addition, P1.0 and P1.1 serve the functions of the 
following special features of the MCS@-51Family: 


Port Pin 
Alternate Function 
P1.0 
T2 (Timer/Counter2 External Input) 


P1.1 
T2EX (Timer/Counter 2 


Capture/Reload Trigger) 


Port 2: Port 2 is an 8-bit bidirectional I/O port with 
internal pullups. The Port 2 output buffers can sink/ 
source 4 LS TTL inputs. Port 2 pins that have 1s 
written to them are pulled high by the internal pull- 
ups, and in that state can be used as inputs. As 
inputs, Port 2 pins that are externally being pulled 
low will source current (IlL, on the data sheet) be- 
cause of the internal pullups. 


Port 2 emits the high-order address byte during 
fetches from external Program Memory and during 
accesses to external Data Memory that use 16-bit 
addresses (MOVX @DPTR). In this application it 
uses strong internal pullups when emitting 1s. Dur- 
ing accesses to external Data Memory that use 8-bit 
addresses (MOVX @Ri),Port 2 emits the contents of 
the P2 Special Function Register. 


Port 2 also receives the high-order address bits dur- 
ing EPROM programming and program verification. 


Port 3: Port 3 is an 8-bit bidirectional I/O port with 
internal pullups. The Port 3 output buffers can sink/ 
source 4 LS TTL inputs. Port 3 pins that have 1s 
written to them are pulled high by the internal pull- 
ups, and in that state can be used as inputs. As 
inputs, Port 3 pins that are externally being pulled 
low will source current (IlL, on the data sheet) be- 
cause of the pullups. 


Port 3 also serves 
the functions 
of various 
special 
features 
of the MCS<l'J-51Family, as listed below: 


Port Pin 
Alternate 
Function 


P3.0 
RXD (serial input port) 
P3.1 
TXD (serial output port) 
P3.2 
INTO (external 
interrupt 
0) 
P3.3 
INT1 (external 
interrupt 
1) 
P3.4 
TO (Timer 0 external 
input) 
P3.5 
I1JTimer 
1 external 
input) 
P3.6 
WR (external 
data memory write strobe) 
P3.7 
RD (external 
data memory read strobe) 


RST: Reset input. A high on this pin for two machine 
cycles 
while the oscillator 
is running 
resets 
the de- 
vice. 


ALE/PROG: 
Address 
Latch Enable output 
pulse for 
latching 
the low byte of the address during accesses 
to external 
memory. 
This 
pin is also 
the 
program 
pulse input (PROG) during EPROM programming 
on 
the 8752BH. 


In normal 
operation 
ALE 
is emitted 
at a constant 
rate 
of 
1/6 
the 
oscillator 
frequency, 
and 
may 
be 
used for external 
timing or clocking 
purposes. 
Note, 
however, 
that one ALE pulse is skipped 
during each 
access 
to external 
Data Memory. 


PSEN: Program 
Store 
Enable is the Read strobe to 
External 
Program 
Memory. 


When 
the 
device 
is executing 
code 
from 
external 
Program 
Memory, 
PSEN is activated 
twice each ma- 
chine 
cycle, 
except 
that 
two 
PSEN 
activations 
are 
skipped 
during each access to External 
Data Memo- 
ry. 


EA/Vpp: 
External 
Access 
enable. 
EA 
must 
be 
strapped 
to Vss 
in order 
to enable 
the 
device 
to 
fetch code from External 
Program 
Memory 
locations 
starting 
at OOOOHup to FFFFH. 
Note, however, 
that 
if either of the Lock Bits are programmed, 
EA will be 
internally 
latched 
on reset. 


EA should 
be strapped 
to Vcc 
for internal 
program 
executions. 


This pin also receives 
the 12.75V programming 
sup- 
ply voltage 
(Vpp) during EPROM 
programming. 


XTAL 1: Input to the inverting 
oscillator 
amplifier. 


XTAL2: 
Output 
from the inverting 
oscillator 
amplifi- 
er. 


XTAL 1 and XT Al2 
are the input and output, respec- 
tively, of an inverting 
amplifier 
which 
can be config- 
ured for use as an on-chip 
oscillator, 
as shown 
in 
Figure 3. Either a quartz crystal or ceramic 
resonator 


may be used. More detailed 
information 
concerning 
the use of the on-chip 
oscillator 
is available 
in Appli- 
cations 
Note AP-155, 
"Oscillators 
for Microcontrol- 
lers." 


To drive the device 
from 
an external 
clock 
source, 
XTAL 1 should 
be grounded, 
while XTAL2 is driven, 
as shown in Figure 4. There are no requirements 
on 
the duty cycle of the external 
clock signal, since the 
input 
to the 
internal 
clocking 
circuitry 
is through 
a 
divide-by-two 
flip-flop, 
but 
minimum 
and 
maximum 
high and low times specified 
on the Data Sheet must 
be observed. 


~ 


2 


XTAL2 
o 
C1 


XTAL 1 


Vss 


C1, C2 = 30 pF ± 10 pF for Crystals 
- 
40 pF ± 10 pF for Ceramic 
Resonators 


EXT£RHAL 
OSCILLATOR 
XTAL 2 
SIGNAL 


Exposure 
to light when the 8752BH 
is in operation 
may cause logic errors. For this reason, it is suggest- 
ed that an opaque 
label be placed 
over the window 
of the 8752BH 
when the die is exposed 
to ambient 
light. 


Due to a timing 
problem 
in the Timer/Counter 
2 in- 
terrupt 
circuitry, 
the device 
may vector 
to location 
03H (External 
Interrupt 
0 vector address). 
It happens 
when a low priority interrupt 
has been in progress 
for 
either 
1 or 2 machine 
cycles 
and Timer/Counter 
2 
generates 
a priority 
1 interrupt. 
Therefore, 
Timer/ 
Counter 
2 should only be assigned 
priority 
level O. 


If an 8752BH 
is replacing 
an 8751 H in an existing 
design, the user should carefully 
compare 
both data 
sheets for DC or AC characteristic 
differences. 
Note 
that the VIH and IIH specifications 
for the EA pin dif- 
fer significantly 
between 
the 8751 Hand 
8752BH. 


inter 


Ambient 
Temperature 
Under Bias 
O°C to 70°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage on EAlVpp 
Pin to Vss 
-O.5V 
to + 13.0V 


Voltage on Any Other Pin to Vss 
-O.5V 
to + 7V 


Maximum 
IOL Per I/O Pin 
15 mA 


Power Dissipation 
1.5W 


(based 
on PACKAGE 
heat transfer 
limitations, 
not 


device 
power consumption) 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE Specificauons contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
(Except 
EA) 
-0.5 
0.8 
V 


VILl 
Input Low Voltage 
EA 
Vss 
0.7 
V 


VIH 
Input High Voltage 
2.0 
Vcc+0.5 
V 


(Except 
XTAl2, 
RST, EA) 
, 


VIHl 
Input High Voltage 
XTAl2, 
RST 
2.5 
Vce+0.5 
V 
XTAl1 
= Vss 


VIH2 
Input High Voltage 
to EA 
4.5 
5.5 
V 


VOL 
Output 
Low Voltage 
(Note 3) 
0.45 
V 
IOL = 1.6 mA (Note 1) 


(Ports 1, 2 and 3) 


VOL1 
Output 
Low Voltage 
(Note 3) 
0.45 
V 
IOL = 3.2 mA (Note 1, 2) 
(Port 0, ALE/PROG, 
PSEN) 


VOH 
Output 
High Voltage 
2.4 
V 
IOH = -80".A 
(Ports 1, 2, 3, ALE/PROG 
and PSEN) 


VOHl 
Output 
High Voltage 
2.4 
V 
IOH = -400".A 
(Port 0 in External 
Bus Mode) 


IlL 
Logical 0 Input Current 
-500 
".A 
VIN = 0.45V 


(Ports 1, 2, 3 and RST) 


IILl 
Logical 0 Input Current 
(EA) 
-10 
mA 
VIN = Vss 


500 
".A 


11L2 
Logical 0 Input Current 
(XTAL2) 
-3.2 
mA 
VIN = 0.45V XTAl1 
= Vss 


III 
Input Leakage 
Current 
(Port 0) 
±10 
".A 
0.45 < VIN < Vce 


IIH 
Logical 
1 Input Current 
(EA) 
1 
mA 
4.5V < VIN < 5.5V 


IIHl 
Input Current to RST 
500 
".A 
VIN < (Vce 
- 
1.5V) 
to activate 
Reset 


Ice 
Power Supply Current 
175 
mA 
All Outputs 
Disconnected 


CIO 
Pin Capacitance 
10 
pF 
Testfreq 
= 1 MHz 


NOTES: 
1. Capacitive 
loading 
on Ports 
0 and 2 may cause 
spurious 
noise 
pulses 
to be superimposed 
on the VOLS of ALE/PROG 
and Ports 1 and 3. The noise is due to external 
bus capacitance 
discharging 
into the Port 0 and Port 2 pins when 
these 
pins 
make 
1-10-0 transitions 
during 
bus operations. 
In the worst 
cases 
(capacitive 
loading> 
100 pF), the 
noise 
pulse 
on the 
ALE/PROG 
pin may exceed 
0.8V. In such cases 
it may be desirable 
to qualify ALE with a Schmitt 
Trigger, 
or use an address 
latch with a Schmitt 
Trigger 
STROBE 
input. 


2. ALE/PROG 
refers 
to a pin on the device. 
ALE refers 
to a timing 
signal that is output 
on the ALE/PROG 
pin. 
3. Under steady 
state (non-transient) 
conditions, 
IOL must be externally 
limited 
as follows: 


Maximum 
IOL per port pin: 
10 mA 
Maximum 
IOL per 8-bit port- 


Port 0: 
26 mA 
Ports 1, 2, and 3: 
15 mA 


Maximum 
total 
tOL for all output 
pins: 
71 mA 


If IOL exceeds 
the test condition, 
VOL may exceed 
the related 
specification. 
Pins are not guaranteed 
to sink current 
greater 
than the listed test conditions. 


inter 


L:~level 
LOW, or ALE 
P:PSEN 
O:Output 
data 
R:RD signal 
T:Time 
V:Valid 
W:WR signal 
X:No longer a valid logic level 
Z:Float 


Each timing symbol 
has 5 characters. 
The first char- 
acter 
is always 
a 'T' 
(stands 
for time). 
The 
other 
characters, 
depending 
on their 
positions, 
stand 
for 
the 
name 
of a signal 
or the 
logical 
status 
of that 
signal. The following 
is a list of all the characters 
and 
what they stand for. 


A:Address 
C:Clock 
D:lnput 
Data 
H:Logic 
level HIGH 
1:lnstruction 
(program 
memory 
contents) 


TAVLL = Time from Address 
Valid to ALE Low. 


TLLPL 
= Time from ALE Low to PSEN Low. 


A.C. CHARACTERISTICS 
(TA = O·C to +70·C; VCC = 5V ± 10%; VSS = OV); Load Capacitance 
for 
Port 0, ALE/PROG, 
and PSEN = 100 pF; Load Capacitance 
for All Other Outputs = 80 pF) 


Symbol 
Parameter 
12MHzOsc 
Variable Oscillator 
Units 
Mln 
Max 
Mln 
Max 


1/TCLCL 
Oscillator Frequency 


. 


3.5 
12.0 
MHz 


TLHLL 
ALE Pulse Width 
127 
2TCLCL-40 
ns 


TAVLL 
Address Valid to ALE Low 
43 
TCLCL-40 
ns 


TLLAX 
Address Hold After ALE Low 
48 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid Instruction In 
233 
4TCLCL-100 
ns 


TLLPL 
ALE Low to PSEN Low 
58 
TCLCL-25 
ns 


TPLPH 
PSEN Pulse Width 
215 
3TCLCL-35 
ns 


TPLIV 
J5SEN Low to Valid Instruction In 
125 
3TCLCL-125 
ns 


TPXIX 
Input Instr Hold After PSEN 
0 
0 
ns 


TPXIZ 
Input Inslr Float After PSEN 
63 
TCLCL-20 
ns 


TPXAV 
PSEN to Address Valid 
75 
TCLCL-8 
ns 


TAVIV 
Address to Valid Instruction In 
302 
5TCLCL-115 
ns 


TPLAZ 
PSEN Low to Address Float 
20 
20 
ns 


TRLRH 
RD Pulse Width 
400 
6TCLCL-100 
ns 


TWLWH 
WR PulseWidth 
400 
6TCLCL-100 
ns 


TRLDV 
RD Low to Valid Data In 
252 
5TCLCL-165 
ns 


TRHDX 
Data Hold After RD 
0 
0 
ns 


TRHDZ 
Data Float After RD 
97 
2TCLCL-70 
ns 


TLLDV 
ALE Low to Valid Data In 
517 
8TCLCL-150 
ns 


TAVDV 
Address to Valid Data In 
585 
9TCLCL-165 
ns 


TLLWL 
ALE Low to RD or WR Low 
200 
300 
3TCLCL-50 
3TCLCL+50 
ns 


TAVWL 
Address to RD or WR Low 
203 
4TCLCL-130 
ns 


TOVWX 
Data Valid to WR Transition 
23 
TCLCL-60 
ns 


TOVWH 
Data Valid to WR High 
433 
7TCLCL-150 


- 


ns 


TWHOX 
Data Held After WR 
33 
TCLCL-50 
ns 


TRLAZ 
RD Low to Address Float 
0 
0 
ns 


TWHLH 
RD or WR High to ALE High 
43 
123 
TCLCL-40 
TCLCL+40 
ns 


inter 


TLLDV 
'I 


TRLRH 


TAVDV 


P2.0-P2.7 
OR AS-AI5 
FROM 
DPH 
AS-AI5 
FROM 
PCH 


270429-6 


FROIl RI OR DPL 


TAVWL 


TQVWH 


DATA OUT 


AS-A 
15 
FROM 
PCH 


270429-7 


inter 


Symbol 
Parameter 
12 MHz Osc 
Variable 
Oscillator 
Units 
Mln 
Max 
Mln 
Max 


TXLXL 
Serial Port Clock Cycle Time 
1.0 
12TCLCL 
/Ls 


TOVXH 
Output Data Setup to 
700 
1OTCLCL - 133 
ns 


Clock Rising Edge 


TXHOX 
Output Data Hold After 
50 
2TCLCL-117 
ns 
Clock Rising Edge 


TXHDX 
Input Data Hold After 
0 
0 
ns 
Clock Rising Edge 


TXHDV 
Clock Rising Edge to 
700 
1OTCLCL -133 
ns 
Input Data Valid 


INSTRUCTION I 
0 


ALE 


OUTPUT 
DATA 


f 
WRITE TO SBUF 


INPUT 
DATA 


f 
CLEAR RI 


~r-TXHQX 
I 
, 
0 
IX 
1 
IX 
2 
X~_3__ • 
_ 
j 
-lrTXHDX 
TXHDVI: 


AU 


X 
-4 
X 
5 
X 
6 
X 
7 
I 
t 
SET TI 
.wo 
.wo 


t 
SET RI 


270429-8 


inter 


Symbol 
Parameter 
Mln 
Max 
Units 


1/TClCl 
Oscillator Frequency 
3.5 
12 
MHz 


TCHCX 
High Time 
20 
ns 


TClCX 
low Time 
20 
ns 


TClCH 
Rise Time 
20 
ns 


TCHCl 
Fall Time 
20 
ns 


Table 1 shows the logic levels for programming the 
Program Memory, the Encryption Table, and the 
lock Bits and for reading the signature bytes. 


To be programmed, the 8752BH must be running 
with a 4 to 6 MHz oscillator. (The reason the oscilla- 
tor needs to be running is that the internal bus is 
being used to transfer address and program data to 
appropriate internal registers.) The address of an 
EPROM location to be programmed is applied to 
Port 1 and pins P2.0 - P2.4 of Port 2, while the code 
byte to be programmed into that location is applied 
to Port O. The other Port 2 and 3 pins, and RST, 
PSEN, and EAlVpp should be held at the "Pro- 


2.4=X 
)C 


2.0 
2.0 
0.8 
TESTPOINTS 
0.8 


0.45V 
---------- 


270429-10 


AC inputs dUring testing are driven at 2.4V for a logic "1" and 
O.4SVfor a logic "0". Timing measurements are made at 2.0V for 
a logic "1" and O.BVfor a logic "0". 


gram" levels indicated in Table 1. AlE/PROG 
is 


pulsed low to program the code byte into the ad- 
dressed EPROM location. The setup is shown in Fig- 
ure 5. 


Normally EA~is 
held at a logic high-!:!ntil just 


before AlE/PROG 
is to be pulsed. Then EAlVpp is 


raised to Vpp, AlE/PROG 
is pulsed low, and then 


EAlVpp is returned to a valid high voltage. The volt- 
age on the EAlVpp pin must be at the valid EAlVpp 
high level before a verify is attempted. Waveforms 
and detailed timing specifications are shown in later 
sections of this data sheet. 


Note that the EAlVpp pin must not be allowed to go 
above the maximum specified Vpp level for any 
amount of time. Even a narrow glitch above that volt- 
age level can cause permanent damage to the de- 
vice. The Vpp source should be well regulated and 
free of glitches. 


inter 


MODE 
RST 
PSEN 
ALE I 
EAI 
P2.7 
P2.6 
P3.6 
P3.7 
PROG 
Vpp 


Program Code Data 
1 
0 
O' 
Vpp 
1 
0 
1 
1 


Verify Code Data 
1 
0 
1 
1 
0 
0 
1 
1 


Program Encryption Table 
1 
0 
O' 
Vpp 
1 
0 
0 
1 
Use Addresses 0-1FH 


Program Lock 
x=1 
1 
0 
O' 
Vpp 
1 
1 
1 
1 
Bits (LBx) 
x=2 
1 
0 
O' 
Vpp 
1 
1 
0 
0 


Read Signature 
1 
0 
1 
1 
0 
0 
0 
0 


NOTES: 
"1" 
= Valid high for that pin 
"0" 
= Valid low for that pin 
"Vpp" 
= + 12.75V 
±0.25V 
'ALE/PROG 
is pulsed 
low for 100 uS for programming. 
(Quick· Pulse Programming™) 


QUICK-PULSE 
PROGRAMMINGTM 
ALGORITHM 


The 8752BH can be programmed using the Quick- 
Pulse Programming™ Algorithm for microcontrol- 
lers. The features of the new programming method 
are a lower Vpp (12.75 volts as compared to 21 
volts) and a shorter programming pulse. It is possi- 
ble to program the entire 8K Bytes of EPROM mem- 
ory in less than 25 seconds with this algorithm! 


To program the part using the new algorithm, Vpp 
must be 12.75 ±0.25 Volts. ALE/PROG is pulsed 
low for 100 /Joseconds,25 times as shown in Figure 
6. Then, the byte just programmed may be verified. 
After programming, the entire array should be veri- 
fied. The Program Lock features are programmed 
using the same method, but with the setup as shown 
in Table 1. The only difference in programming Lock 
features is that the Lock features cannot be directly 
verified. Instead, verification of programming is by 
observing that their features are enabled. 


If the Lock Bits have not been programmed, the on- 
chip Program Memory can be read out for verifica- 
tion purposes, if desired, either during or after the 
programming operation. The address of the Program 
Memory location to be read is applied to Port 1 and 
pins P2.0 - P2.4. The other pins should be held at 
the "Verify" levels indicated in Table 1. The con- 
tents of the addressed location will come out on Port 
O. External pullups are required on Port 0 for this 
operation. (If the Encryption Array in the EPROM 
has been programmed, the data present at Port 0 
will be Code Data XNOR Encryption Data. The user 
must know the Encryption Array contents to manual· 
Iy "unencrypt" the data during verify.) 


The setup, which is shown in Figure 7, is the same 
as for programming the EPROM except that pin P2.7 
is held at a logic low, or may be used as an active 
low read strobe. 


1 I' 
25 PULSES 
I I 


ALE/PROG:~-----~ 
'------' 
'-- 
10014' 
1 
~ 
1014' M1N11' 
:l:l0~. 
" 


ALE/PROG:----o ••, 
n 
n... _ 
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P2.7 
0 
(ENABLE) 


XTAl2 
P2.'6 


XTAl1 
P2.0 
A8".,2 
-P2." 
VSS 


The two-level 
Program 
Lock 
system 
consists 
of 2 
Lock bits and a 32-byte 
Encryption 
Array which 
are 
used 
to protect 
the program 
memory 
against 
soft- 
ware piracy. 


Within the EPROM 
array are 32 bytes of Encryption 
Array that are initially 
unprogrammed 
(all 1s). Every 
time that a byte is addressed 
during a verify, 
5 ad- 
dress lines are used to select 
a byte of the Encryp- 
tion 
Array. 
This 
byte 
is 
then 
exclusive-NORed 
(XNOR) 
with the code 
byte, creating 
an Encrypted 
Verify 
byte. The algorithm, 
with the array in the un- 
programmed 
state (all 1s), will return the code in its 
original, 
unmodified 
form. 


It is recommended 
that whenever 
the Encryption 
Ar- 
ray is used, 
at least 
one of the 
Lock 
Bits be pro- 
grammed 
as well. 


Also included 
in the EPROM 
Program 
Lock scheme 
are two Lock Bits which function 
as shown 
in Table 
2. 


Erasing the EPROM 
also erases 
the Encryption 
Ar- 
ray and the Lock 
Bits, returning 
the part to full un- 
locked 
functionality. 


To ensure 
proper 
functionality 
of the chip, the inter- 
nally latched 
value of the EA pin must agree with its 
external 
state. 


Lock Bits 
Logic Enabled 
LB1 
LB2 


U 
U 
Minimum 
Program Lock features 
enabled. 
(Code Verify will still be 
encrypted 
by the Encryption 
Array) 


P 
U 
MOVC instructions 
executed 
from 
external 
program 
memory are 
disabled 
from fetching 
code bytes 
from internal memory, 
EA is 
sampled 
and latched on reset, 


and further programming 
of the 
EPROM is disabled 


P 
P 
Same as above, but Verify is also 
disabled 


U 
P 
Reserved 
for Future Definition 


P = Programmed 
U = Unprogrammed 


The signature 
bytes are read by the same procedure 
as a normal verification 
of locations 
030H and 031 H, 


except 
that 
P3.6 and 
P3.7 need 
to be pulled 
to a 
logic low. The values 
returned 
are: 


(030H) = 89H indicates 
manufactured 
by Intel 


(031 H) = 52H indicates 
8752BH 


inter 


this type of exposure, 
it is suggested 
that an opaque 
label be placed 
over the window. 
Erasure 
of the 
EPROM 
begins 
to occur 
when 
the 
8752BH 
is exposed 
to light with wavelengths 
shorter 
than approximately 
4,000 Angstroms. 
Since sunlight 
and 
fluorescent 
lighting 
have 
wavelengths 
in this 
range, exposure 
to these 
light sources 
over an ex- 
tended 
time (about 
1 week in sunlight, 
or 3 years in 
room-level 
fluorescent 
lighting) could cause inadver- 
tent erasure. 
If an application 
subjects 
the device to 


The 
recommended 
erasure 
procedure 
is exposure 
to ultraviolet 
light (at 2537 Angstroms) 
to an integrat- 


ed dose 
of at lease 
15 W-sec/cm. 
Exposing 
the 
EPROM to an ultraviolet 
lamp of 12,000 IJ-W/cm rat· 
ing for 30 minutes, 
at a distance 
of about 
1 inch, 


should 
be sufficient. 


EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 
(TA = 21°C to 2rC, Vcc = 5.0V ± 10%, Vss = OV) 


Symbol 
Parameter 
Mln 
Max 
Units 


Vpp 
Programming 
Supply Voltage 
12.5 
13.0 
V 


Ipp 
Programming 
Supply Current 
50 
mA 


1/TCLCL 
Oscillator 
Frequency 
4 
6 
MHz 


TAVGL 
Address 
Setup to PROG Low 
48TCLCL 


TGHAX 
Address 
Hold After PROG 
48TCLCL 


TDVGL 
Data Setup to PROG Low 
48TCLCL 


TGHDX 
Data Hold After PROG 
48TCLCL 


TEHSH 
P2.7 (ENABLE) 
High to Vpp 
48TCLCL 


TSHGL 
Vpp Setup to PROG Low 
10 
IJ-s 


TGHSL 
Vpp Hold After PROG 
10 
IJ-s 


TGLGH 
PROGWidth 
90 
110 
IJ-s 


TAVQV 
Address 
to Data Valid 
48TCLCL 


TELQV 
ENABLE 
Low to Data Valid 
48TCLCL 


TEHQZ 
Data Float After ENABLE 
0 
48TCLCL 


TGHGL 
PROG High to PROG Low 
10 
IJ-s 


The following 
are the key differences 
between 
this and the -002 version 
of the 8752BH 
data sheet. 


1. PLCC pin connection 
diagram 
was added. 


2. Package 
table was added. 


3. Timer/Counter 
2 Design Consideration 
was added. 


4. Design Consideration 
was added referring 
to previous 
designs 
using the 8751H. 


5. Note 3 was added to DC Characteristics 
to explain 
the maximum 
current 
specification. 


6. Signature 
Byte was corrected. 


7. Data Sheet 
Revision 
Summary 
was added. 


inter 


The Intel EXPRESS 
system 
offers enhancements 
to the operational 
specifications 
of the MCS~-S1 
family of 
microcontrollers. 
These 
EXPRESS 
products 
are designed 
to meet the 
needs 
of those 
applications 
whose 
operating 
requirements 
exceed 
commercial 
standards. 


The EXPRESS 
program 
includes 
the commercial 
standard 
temperature 
range with burn-in, and an extended 
temperature 
range with or without 
burn-in. 


With the commercial 
standard 
temperature 
range operational 
characteristics 
are guaranteed 
over the temper- 
ature 
range 
of O·C to 70·C. 
With 
the 
extended 
temperature 
range 
option, 
operational 
characteristics 
are 
guaranteed 
over the range of - 40·C to + 8S·C. 


The optional 
burn-in is dynamic, 
for a minimum time of 160 hours at 12S·C with Vcc = S.SV ± 0.2SV, following 
guidelines 
in MIL-STD-883, 
Method 
101S. 


Package 
types 
and EXPRESS 
versions 
are identified 
by a one- or two-letter 
prefix to the part number. 
The 
prefixes 
are listed in Table 
1. 


For the extended 
temperature 
range option, this data sheet specifies 
the parameters 
which deviate 
from their 


commercial 
temperature 
range 
limits. The commercial 
temperature 
range 
data sheets 
are applicable 
for all 


parameters 
not listed here. 


Electrical Deviations 
from Commercial 
Specifications 
for Extended 
Temperature 
Range 


D.C. and A.C. parameters 
not included 
here are the 
same as in the commercial 
temperature 
range data 
sheets. 


Symbol 
Parameter 
Mln 
Max 
Unit 
Test Conditions 


VIH 
Input High Voltage 
(Except 
2.1 
Vcc + O.S 
V 
XTAL2, RSn 


inter 


Prefix 
Package 
Type 
Temperature 
Range 
Burn-In 


P 
plastic 
commercial 
no 


0 
cerdip 
commercial 
no 


N 
PLCC 


, 


commercial 
no 


R 
LCC 
commercial 
no 


TO 
~. 
cerdip 
extended 
no 


QP 
plastic 
commercial 
yes 


QD 
cerdip 
commercial 
yes 


LD 
cerdip 
extended 
yes 


Please note: 


• 
Commercial 
temperature 
range is O·C to 70·C. Extended 
temperature 
range is - 40·C to + 85·C . 


• 
Burn-in is dynamic. 
for a minimum 
time of 160 hours at 125·C, Vcc = 5.5V ±0.25V, 
following 
guidelines 
in 


MIL-STD-883 
Method 
1015 (Test Condition 
D). 


Examples: 
N8752BH 
indicates 
8752BH 
in a PLCC package 
and specified 
for commercial 
temperature 
range. 


without 
burn-in. 
LD8752BH 
indicates 
8752BH 
in a cerdip 
package 
and specified 
for extended 
temperature 


range with burn-in. 


(;t1MU~~IN\:iLt:.-"'MIt••0-1'11 MI'"'nU'"'UM •.•.U I I:.n 
WITH FACTORY MASK-PROGRAMMABLE 
ROM 
80C31 BH/80C31 BH-1/80C31 BH-2 
CHMOS SINGLE-CHIP 8-BIT CONTROL-ORIENTED 
CPU WITH RAM AND I/O 


80C51BH/80C31BH-3.5 
to 12 MHz, VCC = 5V ±20% 
80C51BH-1/80C31BH-1-3.5 
to 16 MHz, VCC = 5V ±20% 
80C51 BH-2/80C31 
BH-2-D.5 
to 12 MHz, Vcc = 5V ± 20% 


_ 
Power Control 
Modes 
_ 
High Performance 
CHMOS 
Process 


_ 
128 x 8-Blt RAM 
_ 
Boolean 
Processor 


_ 
32 Programmable 
I/O Lines 
_ 
5 Interrupt 
Sources 


_ 
Two 
16-Blt Timer/Counters 
_ 
Programmable 
Serial Port 


_ 
64K Program 
Memory 
Space 
_ 
64K Data Memory 
Space 


The MCS~-51 CHMOS products are fabricated on Intel's CHMOS '" process and are functionally compatible 
with the standard MCS-51 HMOS and EPROM products. CHMOS III is a technology which combines the high 
speed and density characteristics of HMOS with the low power attributes of CHMOS. This combination ex- 
pands the effectiveness of the powerful MCS-51 architecture and instruction set. 


Like the MCS-51 HMOS versions, the MCS-51 CHMOS products have the following features: 4K byte of ROM 
(80C51BH/80C51 BH-1/80C51 BH-2 only); 128 bytes of RAM; 32 I/O lines; two 16-bit timer/counters; a five- 
source two-level interrupt structure; a full duplex serial port; and on-chip oscillator and clock circuitry. In 
addition, the MCS-51 CHMOS products have two software selectable modes of reduced activity for further 
power reduction-Idle 
and Power Down. 


The Idle mode freezes the CPU while allowing the RAM, timer/counters serial port and interrupt system to 
continue functioning. The Power Down mode saves the RAM contents but freezes the oscillator, causing all 
other chip functions to be inoperative. 


inter 


inter 


In the Idle mode, the CPU puts itself to sleep while 
all the on chip peripherals 
stay active. 
The instruc- 
tion that invokes 
the Idle mode is the last instruction 
executed 
in the normal 
operating 
mode before 
Idle 
mode is activated. 
The content 
of CPU, the on chip 
RAM, and all the Special 
Function 
Registers 
remain 


intact during this mode. The Idle mode can be termi- 
nated either 
by any enabled 
interrupt, 
at which 
time 


the process 
is picked up at the interrupt 
service 
rou- 
tine 
and continued, 
or by a hardware 
reset 
which 
starts the processor 
the same as a power on reset. 


In the Power 
Down 
mode the oscillator 
is stopped, 
and the instruction 
that invokes 
Power 
Down is the 


last 
instruction 
executed. 
The 
on-chip 
RAM 
and 
Special 
Function 
Registers 
retain 
their values 
until 


the Power Down mode is terminated. 


The only exit from Power Down is a hardware 
reset. 


Reset redefines 
the SFRs but does not change 
the 
on-chip 
RAM. The reset should not be activated 
be- 


fore VCC is restored 
to its normal operating 
level and 
must be held active long enough to allow the oscilla- 
tor to restart 
and stabilize. 


The control 
bits for the reduced 
power modes are in 
the Special 
Function 
Register 
PCON. 


NOTE: 
For 
more 
detailed 
information 
on 
these 
reduced 
power 
modes 
refer 
to 
Application 
Note 
AP·252, 


"Designing 
with the 80C51BH". 


Mode 
Program 
ALE 
PSEN 
PORTO 
PORT 1 
PORT 2 
PORT 3 
Memory 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power Down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power Down 
External 
0 
0 
Float 
Data 
Data 
Data 


Part 
Prefix 
Package 
Type 


80C51 BH/ 
P 
40-Pin Plastic DIP 
80C31BW 
0 
40-Pin CERDIP 
N 
44-Pin PLCC 


'The 
80C51BH-1, 
80C51BH-2, 
80C31BH-1, 
and 80C31BH-2 
have the same package 
types. 


Pl.0 
Pl.1 


P1.2 
Pl.3 


P1 .• 


P1.5 


P1.' 
Pl.7 


HST 


P3.OJAXD 


P3.1!TXO 
P3.21jjfflj 
p).3INn 


P3.41T0 
P3.5IT1 
P3.11iiA 
P3.71AD 
XTAU 


ITAL1 
vss 


vcc 
PO.O 


PO.l 


PO.2 


PO.3 


PO.4 


PO.5 


PO.I 
PO.7 
£A 


AL£ 


PS£N 


P2.7 
P2.1 


P2.5 
P2.4 


P2.3 


P2.2 


P2.1 


P2.0 


~~~i 
~~ 
fff 


~.J:.~ ~"J~"J 
~~ ;,.~; 
~::;~;; L'i 


P1.5 !~: 
:~PO.• 
Pl.1 
_.•~; 
:~ 
PO.5 


P1.7 
=.=~ 
:~ 
PO.' 


RST !~; 
:~ PO.7 


P3.O 
J!~ 
:~ EA 
He 
]~; 
;}! 
NC 


P3.1 !~~ 
~~ALE 


P3.2 i~; 
:)i 
PSEN 


P3.3 
J~: 


P3.4 
J~; 


P3.5 J~: 
:" 
P2.I 


••• 
, _, 
••• 
~., 
•• ,.. r, 
•••::i! 
P2.5 


,e:;a:;;; 
a: A:; 
11,:.,;1;.:11: 


••• ~_cn~O_NII"I" 
&:ee::' 
~~~~~ 


Figure 2. Connection 
Diagrams 
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Vcc 


Supply voltage 
during normal, Idle, and Power Down 
operations. 


Port 0 is an a-bit open drain bi-directional 
I/O port. 
Port 0 pins that have 1's written to them float, and in 
that state can be used as high-impedance 
inputs. 


Port 0 is also the multiplexed 
low-order 
address 
and 
data bus during 
accesses 
to external 
Program 
and 
Data Memory. 
In this application 
it uses strong inter- 
nal pull ups when emitting 
1s. 


Port 1 is an a-bit bidirectional 
I/O port with internal 
pull ups. Port 1 pins that have 1s written to them are 
pulled 
high by the internal 
pullups, 
and in that state 
can be used as inputs. As inputs, Port 1 pins that are 
externally 
being pulled low will source current (IlL, on 
the data sheet) 
because 
of the internal 
pullups. 


Port 2 is an a-bit bidirectional 
I/O port with internal 
pullups. 
Port 2 pins that have 1s written to them are 
pulled high by the internal 
pullups, 
and in that state 
can be used as inputs. As inputs, Port 2 pins that are 
externally 
being pulled low will source current (IlL, on 
the data sheet) 
because 
of the internal 
pullups. 


Port 
2 emits 
the 
high-order 
address 
byte 
during 
fetches 
from 
external 
Program 
Memory 
and during 
accesses 
to external 
Data 
Memory 
that 
use 16-bit 
addresses 
(MOVX 
@DPTR). 
In this 
application 
it 
uses strong 
internal 
pull ups when emitting 
1s. Dur- 
ing accesses 
to external 
Data Memory that use a-bit 
addresses 
(MOVX @Ri), Port 2 emits the contents 
of 
the P2 Special 
Function 
Register. 


Port 3 is an a-bit bidirectional 
I/O port with internal 
pull ups. Port 3 pins that have 1s written 
to them are 
pulled high by the internal 
pullups, 
and in that state 
can be used as inputs. As inputs, Port 3 pins that are 
externally 
being pulled low will source current 
(IlL, on 
the data sheet) 
because 
of the pullups. 


Port 3 also serves 
the functions 
of various 
special 
features 
of the MCS-51 
Family, as listed below: 


Port Pin 


P3.0 
P3.1 
P3.2 
P3.3 
P3.4 
P3.5 
P3.6 


Alternate 
Function 


RXD (serial input port) 
TXD (serial output port) 
INTO (external 
interrupt 
0) 
INT1 (external 
interrupt 
1) 
TO (Timer 0 external 
input) 
T1 (Timer 1 external 
input) 
WR (external 
data memory write 
strobe) 
RD (external 
data memory 
read 
strobe) 


Reset 
input. A high on this pin for two machine 
cy- 
cles while the oscillator 
is running resets the device. 
An internal 
diffused 
resistor 
to Vss 
permits 
Power- 
On reset using only an external 
capacitor 
to Vcc. 


Address 
Latch 
Enable 
output 
pulse for latching 
the 
low byte of the address 
during accesses 
to external 
memory. 


In normal 
operation 
ALE 
is emitted 
at a constant 
rate 
of 
1/6 
the 
oscillator 
frequency, 
and 
may 
be 
used for external 
timing or clocking 
purposes. 
Note, 
however, 
that one ALE pulse is skipped 
during each 
access 
to external 
Data Memory. 


Program Store Enable is the read strobe to external 
Program 
Memory. 


inter 


When the 80C51BH is executing code from external 
Program Memory, PSEN is activated twice each ma- 
chine cycle, except that two PSEN activations are 
skipped during each access to external Data Memo- 
ry. PSEN is not activated during fetches from inter- 
nal program memory. 


External Access enable. EA must be strapped to 
Vss in order to enable the device to fetch code from 
external 
Program Mem2!Y locations 
starting 
at 
OOOOHup to FFFFH. If EA is strapped to Vcc the 
device executes from internal Program Memory un- 
less the program counter contains an address great- 
er than OFFFH. 


Input to the inverting oscillator amplifier and input to 
the internal clock generator circuits. 


XTAL1 and XTAL2 are the input and output, respec- 
tively, of an inverting amplifier which can be config- 


ured for use as an on-chip oscillator, as shown in 
Figure 3. More detailed information concerning the 
use of the on-chip oscillator is available in Applica- 
tion Note AP-155, "Oscillator for Microcontrollers". 


To drive the device from an external clock source, 
XTAL1 should be driven, while XTAL2 is left uncon- 
nected, as shown in Figure 4. There are no require- 
ments on the duty cycle of the external clock signal, 
since the input to the internal clocking circuitry is 
through a divide-by-two flip-flop, but minimum and 
maximum high and low times specified on the Data 
Sheet must be observed. 


Design Considerations 
• At power on, the voltage on Vcc and RST must 
come up at the same time for a proper start-up. 


• Before entering the Power Down mode the con- 
tents of the Carry Bit and B.7 must be equal. 


• When the Idle mode is terminated by a hardware 
reset, the device normally resumes program exe- 
cution, from where it left off, up to two machine 
cycles before the internal reset algorithm takes 
control. On-chip hardware inhibits access to inter- 
nal RAM in this event, but access to the port pins 
is not inhibited. To eliminate the possibility of an 
unexpected write when Idle is terminated by re- 
set, the instruction following the one that invokes 
Idle should not be one that writes to a port pin or 
to external memory. 


EXTERNAL 
OSCILLATOR 
SIGNAL 


Ambient 
Temperature 
Under Bias .... 
O'C to + 70'C 


Storage Temperature 
- 65'C to + 150'C 


Voltage 
on any 
Pin to VSS 
-O.5V 
to VCC +O.5V 


Voltage on Vcc to VSS 
-O.5V 
to 6.5V 


Maximum 
IOL per I/O pin 
15 mA 


Power Dissipation 
1.0W· 


'This 
value 
is based 
on the maximum 
allowable 
die temperature 
and 
the thermal 
resistance 
of the package. 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE Specifications contained within the 
fol/owing tables are subject to change. 


Symbol 
Parameter 
Mln 
Typ(3) 
Max 
Unit 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.2Vce 
-0.1 
V 


(ExceptEA) 


VIL1 
Input Low Voltage 
(EA) 
-0.5 
0.2Vcc 
- 
0.3 
V 


VIH 
Input High Voltage 
0.2Vce 
+ 0.9 
Vcc + 0.5 
V 


(Except 
XT AL 1. RST) 


VIH1 
Input High Voltage 
0.7Vcc 
Vcc + 0.5 
V 


(XTAU. 
RST) 


VOL 
Output 
Low Voltage 
(6) 
0.45 
V 
IOL = 1.6mA(1) 


(Ports 1. 2. 3) 


VOL1 
Output 
Low Voltage 
(6) 
0.45 
V 
IOL = 3.2 mA (1) 


(Port O. ALE. PSEN) 


VOH 
Output 
High Voltage 
2.4 
V 
IOH = -60 
,.,.AVce = 5V ±10% 


(Ports 1: 2. 3. ALE. PSEN) 
0.75Vce 
V 
IOH = -25,.,.A 


0.9Vcc 
V 
IOH = -lO,.,.A 


VOH1 
Output 
High Voltage 
2.4 
V 
IOH = -800 
,.,.AVcc = 5V ±10% 


(Port 0 in External 
Bus 
0.75Vcc 
V 
IOH = -300,.,.A 
Mode) 
0.9Vce 
V 
IOH = -80,.,.A 
(2) 


IlL 
Logical 0 Input Current 
-50 
,.,.A 
VIN = 0.45V 


(Ports 1. 2. 3) 


ITL 
Logical 
1 to 0 Transition 
-650 
,.,.A 
VIN = 2V 


Current 
(Ports 1, 2, 3) 


III 
Input Leakage 
Current 
±10 
,.,.A 
0.45 < V,N < Vce 


(PortO. 
EA) 


RRST 
Reset Pulldown 
Resistor 
50 
150 
KO 


CIO 
Pin Capacitance 
10 
pF 
Test Freq = 1 MHz. TA = 25'C 


Ice 
Power Supply Current: 


Active 
Mode. 
12 MHz (4) 
11 
20 
mA 


Idle Mode. 
12 MHz (4) 
1.7 
5 
mA 
(5) 


Power Down Mode 
5 
50 
,.,.A 


NOTES: 
1. Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the VOLSof ALE and Ports 
1 and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 1- 
to-Otransitions dUringbus operations. In the worst cases (capacitive loading> 
100 pF), the noise pulse on the ALE line may 


exceed 0.8V. In such cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt 
Trigger STROBE input. 
2. Capacitive loading on Ports 0 and 2 may cause the VOH on ALE and PSEN to momentarily fall below the 0.9 Vce 
specification when the address bits are stabilizing. 
3. "Typicals" are based on a limited number of samples taken from early manufacturing lots and are not guaranteed. The 
values listed are at room temperature, 5V. 
4. ICCMAX at other frequencies is given by 
Active Mode: ICCMAX = 1.47 x FREQ + 2.35 
Idle Mode: 
ICCMAX = 0.33 x FREQ + 1.05 
where FREQ is the external oscillator frequency in MHz. ICCMAX is given in mA. See Figure 5. 
5. See Figures 6 through 9 for Ice test conditions. Minimum Vce for Power Down is 2V. 
6. Under steady state (non-transient) conditions, IOLmust be externally limited as follows: 
Maximum IOLper port pin: 
10 mA 
Maximum IOLper 8-bit port- 
Port 0: 26 mA 
Ports1, 2, and 3: 
15 mA 
Maximum total IOLfor all output pins: 
71 mA 
If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater 
than the listed test conditions. 


TYP(3) 


ACTIVE MODE 


XTAL2 
XTAL1 
Vss 


TYP(3) 
IDLE MODE 


.t.I-iz 
8t.1-iz 
12tolHz 16tolHz 


fREO 
AT XTALI 


Figure 6. lee Test Condition, Active Mode. 
All other pins are disconnected. 


XTAL2 
XTAL1 
Vss 


Figure 5. lee vs. Frequency. 
Valid only within frequency specifications 
of 
the device under test. 


Figure 7. lee Test Condition, Idle Mode. 
All other pins are disconnected. 


inter 


Vee-O.s 
••••••• 
0.7 Vee 
o.~sv 
0.2 Vee-0.1 
TCHCl 


TCHCX 


TClCX 
TClCH 
TClCl 


PO 


RST 
EA 


XTAl2 
XTAll 
Vss 


Each timing symbol has 5 characters. The first char- 
acter is always a 'T' (stands for time). The other 
characters, depending on their positions, stand for 
the name of a signal or the logical status of that 
signal. The following is a list of all the characters and 
what they stand for. 
A: Address. 
C: Clock. 
D: Input data. 
H: Logic level HIGH. 
I: 
Instruction (program memory contents). 
L: Logic level LOW, or ALE. 


P: PSEN. 
Q: Output data. 
A: AD signal. 
T: Time. 
V: Valid. 
W: WA signal. 
X: No longer a valid logic level. 
Z: Float. 


EXAMPLE: 


TAVLL = Time for Address Valid to ALE Low. 
TLLPL = Time for ALE Low to PSEN Low. 


inter 


A.C. CHARACTERISTICS 
(TA = O·C to 70·C, vcc = 5V ±20%, 
vss = OV, Load Capacitance 
for Port 0, ALE, and PSEN = 100 pF, 


Load Capacitance 
for All Other Outputs 
= SO pF) 


Symbol 
Parameter 
12 MHzOsc 
Variable 
Oscillator 
Units 
Mln 
Max 
Mln 
Max 


1/TCLCL 
Oscillator 
Frequency 
MHz 


SOC51BH/SOC31 BH 
3.5 
12 
SOC51BH-1 ISOC31 BH·1 
3.5 
16 
SOC51BH·2/S0C31 
BH-2 
0.5 
12 


TLHLL 
ALE Pulse Width 
127 
2TCLCL 
- 
40 
ns 


TAVLL 
Address 
Valid to ALE Low 
2S 
TCLCL 
- 
55 
ns 


TLLAX 
Address 
Hold After ALE Low 
4S 
TCLCL 
- 
35 
ns 


TLLlV 
ALE Low to Valid Instr In 
234 
4TCLCL 
- 
100 
ns 


TLLPL 
ALE Low to PSEN Low 
43 
TCLCL 
- 
40 
ns 


TPLPH 
PSEN Pulse Width 
205 
3TCLCL 
- 
45 
ns 


TPLIV 
PSEN Low to Valid Instr In 
145 
3TCLCL 
- 
105 
ns 


TPXIX 
Input Instr Hold After PSEN 
0 
0 
ns 


TPXIZ 
Input Instr Float After PSEN 
59 
TCLCL 
- 
25 
ns 


TAVIV 
Address 
to Valid Instr In 
312 
5TCLCL 
- 
105 
ns 


TPLAZ 
PSEN Low to Address 
Float 
10 
10 
ns 


TRLRH 
RD Pulse Width 
400 
6TCLCL 
- 
100 
ns 


TWLWH 
WR Pulse Width 
400 
6TCLCL 
- 
100 
ns 


TRLDV 
RD Low to Valid Data In 
252 
5TCLCL 
- 
165 
ns 


TRHDX 
Data Hold After RD 
0 
0 
ns 


TRHDZ 
Data Float After RD 
97 
2TCLCL 
- 
70 
ns 


TLLDV 
ALE Low to Valid Data In 
517 
STCLCL 
- 
150 
ns 


TAVDV 
Address 
to Valid Data In 
5S5 
9TCLCL 
- 
165 
ns 


TLLWL 
ALE Low to RD or WR Low 
200 
300 
3TCLCL 
- 
50 
3TCLCL + 50 
ns 


TAVWL 
Address 
Valid to RD or WR Low 
203 
4TCLCL 
- 
130 
ns 


TQVWX 
Data Valid to WR Transition 
23 
TCLCL 
- 
60 
ns 


TWHQX 
Data Hold After WR 
33 
TCLCL 
- 
50 
ns 


TRLAZ 
RD Low to Address 
Float 
0 
0 
ns 


TWHLH 
RD or WR High to ALE High 
43 
123 
TCLCL 
- 
40 
TCLCL + 40 
ns 


intJ 


I 


TRHDZ 


TRHOA: 
- 
--:: 


TPXIZI-- 


T'III- 
- 


intJ 


TQVWX 
~ 


Shift Register 
Mode Timing Waveforms 


8·98 


Symbol 
Parameter 
Min 
Max 
Units 


1/TCLCL 
Oscillator 
Frequency 
MHz 
80C51 BH/80C31 
BH 
3.5 
12 
80C51 BH-1 180C31 BH-1 
3.5 
16 
80C51 BH-2/80C31 
BH-2 
0.5 
12 


TCHCX 
High Time 
20 
ns 


TCLCX 
Low Time 
20 
ns 


TCLCH 
Rise Time 
20 
ns 


TCHCL 
Fall Time 
20 
ns 


Symbol 
Parameter 
12 MHzOsc 
Variable Oscillator 
Units 
Mln 
Max 
Mln 
Max 


TXLXL 
Serial Port Clock Cycle Time 
1.0 
12TCLCL 
IJos 


TOVXH 
Output Data Setup to Clock Rising Edge 
700 
10TCLCL 
- 
133 
ns 


TXHOX 
Output Data Hold After Clock Rising Edge 
50 
2TCLCL 
- 
117 
ns 


TXHDX 
Input Data Hold After Clock Rising Edge 
0 
0 
ns 


TXHDV 
Clock Rising Edge to Input Data Valid 
700 
10TCLCL 
- 
133 
ns 


VCC-O.5-y 0.2VCC+O.8 
V-- 


-.-A0.2VCC-O.l 
A.- 


0.45 V 
------~ 
VOL+0.1 V 


270064-12 
For timing purposes a port pin is no longer floating when a 
100 mV change from load voltage occurs, and begins to float 
when a 100 mV change from the loaded VOHIVOL level occurs. 
IOL/IOH;;, ± 20 mA. 


AC Inputs during testing are driven at Vcc - 
0.5 for a logic "1" 


and 0.45 V for a logic "0". Timing measurements are made at VIH 
min. for a logic "1" and VIL max. for a logic "0". 


The following 
are the key differences 
between 
this and the -005 version 
of the 80C51 BH data sheet: 


1. Package 
table was added. 


2. Note 6 on maximum 
current 
specifications 
added to DC Characteristics. 


3. Data Sheet 
Revision 
Summary 
was added. 


inter 
80C31 BH/80C51 BH 
EXPRESS 


• 
Extended 
Temperature 
Range 


• 
Burn-In 


The Intel EXPRESS 
system 
offers enhancements 
to the operational 
specifications 
of the Mcse-51 
family of 


microcontrollers. 
These 
EXPRESS 
products 
are designed 
to meet 
the needs 
of those 
applications 
whose 
operating 
requirements 
exceed 
commercial 
standards. 


The EXPRESS 
program 
includes 
the commercial 
standard 
temperature 
range with burn-in 
and an extended 
temperature 
range with or without 
burn-in. 


With the commercial 
standard 
temperature 
range, operational 
characteristics 
are guaranteed 
over the temper- 


ature 
range 
of O·C to 70·C. 
With 
the extended 
temperature 
range 
option, 
operational 
characteristics 
are 
guaranteed 
over the range of - 40·C to + 85·C. 


The optional 
burn-in is dynamic 
for a minimum 
time of 160 hours at 125·C with Vcc = 6.9V ±0.25V, 
following 
guidelines 
in MIL-STD-883, 
Method 
1015. 


Package 
types and EXPRESS 
versions 
are identified 
by a one- or two-letter 
prefix to the part number. 
The 
prefixes 
are listed in Table 
1. 


For the extended 
temperature 
range option, this data sheet specifies 
the parameters 
which deviate 
from their 
commercial 
temperature 
range 
limits. The commercial 
temperature 
range data sheets 
are applicable 
for all 
parameters 
not listed here. 


inter 


Electrical Deviations 
from Commercial 
Specifications 
for Extended 
Temperature 
Range 


D.C. and A.C. parameters 
not included 
here 
are the same 
as in the commercial 
temperature 
range 
data 
sheets. 


Limits 
Unit 
Test 
Symbol 
Parameter 
Mln 
Max 
Conditions 


VIL 
Input Low Voltage 
(Except EA) 
-0.5 
0.2VCC - 
0.15 
V 


VIL1 
EA 
-0.5V 
0.2VCC - 
0.35 
V 


VIH 
Input High Voltage 
(Except XTAL 1, RST) 
0.2Vcc + 1 
VCC + 0.5 
V 
, 


VIH1 
Input High Voltage 
to XTAL 1, RST 
0.7Vcc + 0.1 
VCC + 0.5 
V 


IlL 
Logical 0 Input Current (Port 1, 2, 3) 
-75 
p.A 
Vin = 0.45V 


ITL 
Logical 
1 to 0 transition 
-750 
p.A 
Vin = 2.0V 
Current (Ports 1, 2, 3) 


Prefix 
Package 
Type 
Temperature 
Range 
Burn-In 


P 
Plastic 
Commercial 
No 
0 
Cerdip 
Commercial 
No 


N 
PLCC 
. 
Commercial 
No 


TP 
Plastic 
Extended 
No 


TO 
Cerdip 
Extended 
No 


TN 
PLCC 
Extended 
. 
No 


OP 
Plastic 
. 
Commercial 
Yes 
00 
Cerdip 
Commercial 
Yes 


ON 
PLCC 
Commercial 
Yes 


LP 
Plastic 
Extended 
Yes 


LD 
Cerdip 
Extended 
Yes 


LN 
PLCC 
Extended 
Yes 


NOTE: 
• Commercial temperature range is O·Cto lO·C. Extended temperature range is - 40·C to +85·C. 
• Burn-in is dynamic for a minimum time of 160 hours at 125·C, Vcc = 6.9V ±0.25V, following guidelines in MIL-STO-883 
Method 1015 (Test Condition OJ. 


Examples: 


P80C31 BH indicates 
80C31 BH in a plastic 
package 
and specified 
for commercial 
temperature 
range, without 
burn-in. 
LD80C51 BH indicates 
80C51 BH in a cerdip package 
and specified 
for extended 
temperature 
range with burn- 
in. 


inter 
80C51 BHP 
CHMOS SINGLE-CHIP 8-BIT MICROCOMPUTER 
WITH PROTECTED ROM 


80C51BHP-3.5-12 
MHz, VCC = 5V ± 20% 
80C51BHP-1-3.5-16 
MHz, VCC = 5V ± 20% 
80C51BHP-2-Q.5-12 
MHz, VCC = 5V ± 20% 


• 
Power Control Modes 
• 
High Performance CHMOS Process 


• 
128 x 8-Blt RAM 
• 
Boolean Processor 


• 
32 Programmable 110 Lines 
• 
5 Interrupt Sources 


• 
Two 16-Blt Timer/Counters 
• 
Programmable Serial Port 


• 
4K Program Memory Space 
• 
4K Data Memory Space 
• 
Protection Feature Protects ROM Parts 
(Expandable to 64K) 
Against Software Piracy 


The 
MCS@-51 family 
of CHMOS 
products 
is fabricated 
on Intel's 
CHMOS 
III process 
and 
is functionally 


compatible 
with the standard 
8051 HMOS and EPROM products. 
CHMOS 
III is a technology 
which combines 
the high speed and density 
characteristics 
of HMOS with the low power attributes 
of CMOS. This combination 


expands 
the effectiveness 
of the powerful 
8051 architecture 
and instruction 
set. 


Like the 8051 HMOS versions, 
the 80C51 BHP has the following 
features: 
4K byte of ROM; 128 bytes of RAM; 


32 I/O lines; two 16-bit timer/counters; 
a five-source 
two-level 
interrupt 
structure; 
a full duplex serial port; and 


on-chip 
oscillator 
and clock 
circuitry. 
In addition, 
the 
80C51 
BHP has two 
software 
selectable 
modes 
of 


reduced 
activity 
for further 
power 
reduction-Idle 
and Power Down. 


The Idle mode freezes 
the CPU while 
allowing 
the RAM, timer/counters 
serial port and interrupt 
system 
to 


continue 
functioning. 
The Power Down mode saves the RAM contents 
but freezes 
the oscillator, 
causing 
all 


other chip functions 
to be inoperative. 


The 80C51BHP 
is identical 
to the 80C51BH 
with the exception 
of the Protection 
Feature. 
To incorporate 
this 


Protection 
Feature, 
program 
verification 
has been disabled 
and external 
memory 
accesses 
have been limited 


to 4K. 


vcc ----J 


I 


.Lvss~ 
- 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


inter 


In the Idle mode, the CPU puts itself to sleep while 
all the on chip peripherals stay active. The instruc- 
tion that invokes the Idle mode is the last instruction 
executed in the normal operating mode before Idle 
mode is activated. The content of the on-chip RAM 
and all the Special Function Registers remain intact 
during this mode. The Idle mode can be terminated 
either by any enabled interrupt, at which time the 
process is picked up at the interrupt service routine 
and continued, or by a hardware reset which starts 
the processor the same as a power on reset. 


In the Power Down mode the oscillator is stopped, 
and the instruction that invokes Power Down is the 
last instruction executed. The on-chip RAM and 
Special Function Registers retain their values until 
the Power Down mode is terminated. 


The only exit from Power Down is a hardware reset. 
Reset redefines the SFRs but does not change the 
on-chip RAM. The reset should not be activated be- 
fore VCC is restored to its normal operating level and 
must be held active long enough to allow the oscilla- 
tor to restart and stabilize. 


The control bits for the reduced power modes are in 
the Special Function Register PCON. 


NOTE: 
For more detailed information on these reduced 
power modes refer to Application Note AP-252, 
"Designing with the 80C51BH". 


Part 
Prefix 
Package Type 


80C51BHP 
P 
40-Pin Plastic DIP 


N 
44-Pin PLCC 


Mode 
Program 
ALE 
PSEN 
PORTO 
PORT 1 
PORT 2 
PORT 3 
Memory 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power Down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power Down 
External 
0 
0 
Float 
Data 
Data 
Data 


Pl.O 
Pl.l 


Pl.2 
Pl.3 
Pl.4 


Pl.S 
PU 
P1.7 
RST 


P3.0/RXD 


P3.l/TXD 
P3.2/iNTii 


P3.3INTl 


P3.4/TO 
P3.S/Tl 
P3.6/WR 
P3.7/AD 
XTAL2 
XTALI 
Vss 


Vcc 
PO.O 
PO.l 


PO.2 
PO.3 


PO.4 
PO.S 


PO.6 
PO.7 
EA 
ALE 
PSEN 
P2.7 
P2.6 
P2.S 
P2.4 
P2.3 
P2.2 
P2.1 


P2.0 


.t'JN_O 
UO 
.•••N(') 
iiiii~~ffff 
~.J~"J ~.J~••~ ~NJ ~J L~JL'l l::J ~;jLSJ 


P1.5 !: 
:~ PO.4 


P1.6 
:0: 
:~ 
PO.5 


P1.7 
=.= 
~~!PO.6 


RST !~~ 
~~PO.7 


P3.O 
3i~ 
~j!:EA 


NC !~~ 
~~ He 


P3.1 3!~ 
r~ 
ALE 


P3.2 E~ 
:}! 
PSEN 


P3.3 3!~ 
f j! 
P2.7 


P3.4 !!i 
i)! P2.6 


P3.S !f~ 
rat 
P25 
::!; :~: :2: :,;: ;~: 
:r.:-: 
:,,: 
;lC; :1: 
;s:t; :1: l_ 
- 
• 


"!t-:~:; 
:a~C!"":~"~ 


~~~~> 
~~~~~ 
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Vcc 


Supply voltage 
during normal, 
Idle, and Power Down 
operations. 


Vss 


Circuit ground. 


Port 0 


Port 0 is an 8-bit open drain bi-directional 
I/O 
port. 
Port 0 pins that have 1's written to them float, and in 
that state can be used as high-impedance 
inputs. 


Port 0 is also the multiplexed 
low-order 
address 
and 
data bus during 
accesses 
to external 
Program 
and 
Data Memory. 
In this application 
it uses strong inter- 
nal pullups when emitting 
1s. 


Port 1 


Port 1 is an 8-bit bidirectional 
I/O port with internal 
pullups. 
Port 1 pins that have 1s written to them are 
pulled high by the internal 
pullups, 
and in that state 
can be used as inputs. As inputs, Port 1 pins that are 
externally 
being pulled low will source current (IlL, on 
the data sheet) 
because 
of the internal 
pullups. 


Port 2 


Port 2 is an 8-bit bidirectional 
I/O 
port with internal 
pull ups. Port 2 pins that have 1s written 
to them are 
pulled 
high by the internal 
pullups, 
and in that state 
can be used as inputs. As inputs, Port 2 pins that are 
externally 
being pulled low will source current (IlL, on 
the data sheet) 
because 
of the internal 
pullups. 


Port 
2 emits 
the 
high-order 
address 
byte 
during 
fetches 
from 
external 
Program 
Memory 
and during 
accesses 
to external 
Data 
Memory 
that 
use 16-bit 
addresses 
(MOVX 
@DPTR). 
In this 
application 
it 
uses strong internal 
pullups when emitting 
1s. In the 
80C51 
BHP, 
Bits 2.4 through 
2.7 are forced 
to 0, 
effectively 
limiting 
external 
data and code space 
to 
4K each during external 
accesses 
(see Design Con- 
siderations). 
During accesses 
to external 
Data Mem- 


ory that 
use 8-bit 
addresses 
(MOVX 
@Ri), Port 
2 
emits the contents 
of the P2 Special 
Function 
Regis- 
ter. 


Port 3 


Port 3 is an 8-bit bidirectional 
I/O 
port with internal 
pull ups. Port 3 pins that have 1s written 
to them are 
pulled high by the internal 
pull ups, and in that state 
can be used as inputs. As inputs, Port 3 pins that are 
externally 
being pulled low will source current 
(IlL on 
the data sheet) 
because 
of the pullups. 
' 


Port 3 also serves 
the functions 
of various 
special 
features 
of the 8051 Family, as listed below: 


Port Pin 


P3.0 
P3.1 
P3.2 
P3.3 
P3.4 


P3.5 
P3.6 


Alternate Function 


RXD (serial input port) 
TXD (serial output port) 
INTO (external 
interrupt 
0) 
INT1 (external 
interrupt 
1) 
TO (Timer 0 external 
input) 
T1 (Timer 1 external 
input) 
WR (external 
data memory write 
strobe) 
RD (external 
data memory read 
strobe) 


Reset 
input. A high on this pin for two machine 
cy- 
cles while the oscillator 
is running resets the device. 
An internal 
diffused 
resistor 
to Vss 
permits 
Power- 
On reset using only an external 
capacitor 
to Vcc. 


Address 
Latch 
Enable 
output 
pulse for latching 
the 
low byte of the address 
during accesses 
to external 


memory. 


In normal 
operation 
ALE 
is emitted 
at a constant 
rate 
of 
1/6 
the 
oscillator 
frequency, 
and 
may 
be 
used for external 
timing or clocking 
purposes. 
Note, 
however, 
that one ALE pulse is skipped 
during each 
access 
to external 
Data Memory. 


Program 
Store Enable is the read strobe to external 
Program 
Memory. 


intJ 


When the device is executing code from external 
Program Memory, PSEN is activated twice each ma- 
chine cycle, except that two PSEN activations are 
skipped during each access to external Data Memo- 
ry. PSEN is not activated during fetches from inter- 
nal program memory. 


EA 


External Access enable. EA must be strapped to 
Vss in order to enable the device to fetch code from 
external 
Program Mem.2!Y 10catiQns starting 
at 


OOOOHup to FFFFH. If EA is strapped to Vcc the 
device executes from internal Program Memory un- 
less the program counter contains an address great- 
er than OFFFH. 


Input to the inverting oscillator amplifier and input to 
the internal clock generator circuits. 


XTAL1 and XTAL2 are the input and output, respec- 
tively, of an inverting amplifier which can be config- 
ured for use as an on-chip oscillator, as shown in 
Figure 3. More detailed information concerning the 
use of the on-chip oscillator is 'available in Applica- 
tion Note AP-155, "Oscillator for Microcontrollers". 


To drive the device from an external clock source, 
XTAL1 should be driven, while XTAL2 is left uncon- 
nected, as shown in Figure 4. There are no require- 
ments on the duty cycle of the external clock signal, 
since the input to the internal clocking circuitry is 
through a divide-by-two flip-flop, but minimum and 
maximum high and low times specified on the Data 
Sheet must be observed. 


Design Considerations 


• The 80C51BHP cannot access external Program 


or Data memory above 4K. This means that the 
following instructions that use the Data Pointer 
only read/write data at address locations below 
OFFFH: 


MOVX A, @DPTR 
MOVX @DPTR,A 


When the Data Pointer contains an address 
above the 4K limit, those locations will not be ac- 
cessed. To access Data Memory above 4K, the 
MOVX @Ri,A or MOVX A, @Riinstructions must 
be used. 


• Before entering the Power Down mode the con- 


tents of the Carry Bit and B.7 must be equal. 


• When the Idle mode is terminated by a hardware 


reset, the device normally resumes program exe- 
cution, from where it left off, up to two machine 
cycles before the internal reset algorithm takes 
control. On-chip hardware inhibits access to inter- 
nal RAM in this event, but access to the port pins 
is not inhibited. To eliminate the possibility of an 
unexpected write when Idle is terminated by re- 
set, the instruction following the one that invokes 
Idle should not be one that writes to a port pin or 
to external memory. 


EXTERNAL 
OSCILLATOR 
SIGNAL 


AmbientTemperature 
Under Bias .... 
O·C to + 70·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage 
on any 
Pin to Vss 
-O.5Vto 
VCC +O.5V 


Voltage 
on Vcc to Vss 
-O.5V 
to 6.5V 


Maximum 
IOL per I/O Pin 
15 mA 


Power Dissipation 
1.0W· 


'This 
value 
is based 
on the maximum 
allowable 
die temperature 
and 


the thermal 
resistance 
of the package. 


•Notice: Stresses above those listed under '~bso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE' Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Mln 
Typ(3) 
Max 
Unit 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.2Vcc 
-0.1 
V 


(ExceptEA) 


Input Low Voltage 
(EA) 
... 


VIL1 
-0.5 
0.2Vcc 
- 
0.3 
V 


VIH 
Input High Voltage 
0.2Vce 
+ 0.9 
Vce + 0.5 
V 


(Except 
XT AL 1. RST) 


VIH1 
Input High Voltage 
0.7Vce 
Vce + 0.5 
V 


(XT AU, 
RST) 


VOL 
Output 
Low Voltage 
(6) 
0.45 
V 
IOL = 1.6 mA (1) 


(Ports 1. 2. 3) 


Vou 
Output 
Low Voltage 
(6) 
0.45 
V 
IOL = 3.2 mA (1) 


(Port O. ALE. PSEN) 


VOH 
Output 
High Voltage 
2.4 
V 
IOH = -60 
",AVce 
= 5V ±10% 


(Ports 1. 2, 3, ALE. PSEN) 
0.75Vcc 
V 
IOH = -25 
",A 


0.9Vce 
V 
IOH = -10 
",A 
.. 


VOH1 
Output 
High Voltage 
2.4 
V 
IOH = -800 
",A Vce = 5V ± 10% 


(Port 0 in External 
Bus 
0.75 Vce 
V 
IOH = -300",A 
Mode) 


0.9Vce 
V 
IOH = -80 
",A (2) 


IlL 
Logical 0 Input Current 
-50 
",A 
VIN = 0.45V 


(Ports 1. 2. 3) 


ITL 
Logical 
1 to 0 Transition 
-650 
",A 
VIN = 2V 


Current 
(Ports 1, 2, 3) 


III 
Input Leakage 
Current 
±10 
",A 
0.45 < VIN < Vcc 
(PortO. 
EA) 


RRST 
Reset Pulldown 
Resistor 
50 
150 
KO 


CIO 
Pin Capacitance 
10 
pF 
Test Freq = 1 MHz. T A = 25·C 


Ice 
Power Supply Current: 


Active 
Mode. 12 MHz (4) 
11 
20 
mA 


Idle Mode. 
12 MHz (4) 
1.7 
5 
mA 
(5) 


Power Down Mode 
5 
50 
",A 


1. Capacitive loading on pons 0 and 2 may cause spurious noise pulses to be superimposed on the VOLSof ALE and pons 
1 and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 1- 
to-Otransitions during bus operations. In the worst cases (capacitive loading> 
100 pFl, the noise pulse on the ALE line may 


exceed 0.8V. In such cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt 
Trigger STROBE input. 
2. Capacitive loading on Ports 0 and 2 may cause the VOH on ALE and PSEN to momentarily fall below the 0.9 Vce 
specification when the address bits are stabilizing. 
3. "Typicals" are based on a limited number of samples taken from early manufacturing lots and are not guaranteed. The 
values listed are at room temperature, 5V. 
4. ICCMAX at other frequencies is given by 
Active Mode: ICCMAX = 1.47 X FREQ + 2.35 
Idle Mode: 
ICCMAX = 0.33 x FREQ + 1.05 
where FREQ is the external oscillator frequency in MHz. ICCMAX is given in mA. See Figure 5. 
5. See Figures 6 through 9 for Ice test conditions. Minimum Vce for Power Down is 2V. 
6. Under steady state (non-transient) conditions, tOLmust be externally limited as follows: 


Maximum IOLper Port Pin: 
10 mA 
Maximum IOLper 8-Bit Port - 
pono: 
26mA 
pons 1, 2 and 3: 
15 mA 
Maximum TotaltOL for all output pins: 
71 mA 
If IOLexceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater 
than the listed test conditions. 


TYP(3) 


ACTIVE 
MODE 


PO 


RST 
EA 


XTAL2 
XTAL1 
Vss 


Figure 6. lee Test Condition, Active Mode. 
All other pins are disconnected. 


TYP(3) 


IDLE 
MODE 


.104Hz 
8104Hz 
12104Hz 16 MHz 


FREQ AT XTAL1 


Figure 5. lee vs. Frequency. 
Valid only within frequency specifications 
of 
the device under test. 


PO 


RST 
EA 


XTAL2 
XTAL1 
vss 


Figure 7. lee Test Condltion,ldle 
Mode. 
All other pins are disconnected. 


inter 
8OC51 BHP 


Vee-O.s - •••••• 
0.7 Vee 
0.4SV 
0.2 Vee-0.1 
TCHCl 
TClCX 


XTAl2 
XTAl1 
Vss 


Each timing symbol 
has 5 characters. 
The first char- 
acter 
is always 
a 'T' 
(stands 
for time). 
The 
other 
characters, 
depending 
on their 
positions, 
stand 
for 
the 
name 
of a signal 
or the 
logical 
status 
of that 
signal. The following 
is a list of all the characters 
and 
what they stand for. 


A: Address. 
C: Clock. 
0: 
Input data. 


H: Logic level HIGH. 
I: 
Instruction 
(program 
memory 
contents). 
L: 
Logic level LOW, or ALE. 


P: 
PSEN. 
Q: Output 
data. 
R: RD signal. 
T: 
Time. 
V: Valid. 
W: WR signal. 
X: 
No longer a valid logic level. 


Z: 
Float. 


EXAMPLE: 


TAVLL = Time for Address 
Valid to ALE Low. 
TLLPL = Time for ALE Low to PSEN Low. 


inter 


A.C. CHARACTERISTICS 
(TA = O·C to 70·C, vcc 
= 5V ±20%, 
vss 
= OV, Load Capacitance 
for Port 0, ALE, and PSEN = 100 pF, 


Load Capacitance 
for All Other Outputs 
= 80 pF) 


Symbol 
Parameter 
12 MHzOsc 
Variable 
Oscillator 
Units 
Mln 
Max 
Min 
Max 


1/TCLCL 
Oscillator 
Frequency 
MHz 
80C51 BH/80C31 
BH 
3.5 
12 
80C51 BH-1 180C31 BH-1 
3.5 
16 
80C51 BH-2/80C31 
BH-2 
0.5 
12 


TLHLL 
ALE Pulse Width 
127 
2TCLCL 
- 
40 
ns 


TAVLL 
Address 
Valid to ALE Low 
28 
TCLCL 
- 
55 
ns 


TLLAX 
Address 
Hold After ALE Low 
48 
TCLCL 
- 
35 
ns 


TLLlV 
ALE Low to Valid Instr In 
234 
4TCLCL 
- 
100 
ns 


TLLPL 
ALE Low to PSEN Low 
43 
TCLCL 
- 
40 
ns 


TPLPH 
PSEN Pulse Width 
205 
3TCLCL 
- 
45 
ns 


TPLIV 
PSEN Low to Valid Instr In 
145 
3TCLCL 
- 
105 
ns 


TPXIX 
Input Instr Hold After PSEN 
0 
0 
ns 


TPXIZ 
Input Instr Float After PSEN 
59 
TCLCL 
- 
25 
ns 


TAVIV 
Address 
to Valid Instr In 
312 
-, 
5TCLCL 
- 
105 
ns 


TPLAZ 
PSEN Low to Address 
Float 
10 
10 
ns 


TALAH 
AD Pulse Width 
400 
6TCLCL 
- 
100 
ns 


TWLWH 
WA Pulse Width 
400 
6TCLCL 
- 
100 
ns 


TALDV 
AD Low to Valid Data In 
252 
5TCLCL 
- 
165 
ns 


TAHDX 
Data Hold After AD 
0 
0 
ns 


TAHDZ 
Data Float After AD 
97 
2TCLCL 
- 
70 
ns 


TLLDV 
ALE Low to Valid Data In 
517 
\ 
8TCLCL 
- 
150 
ns 


TAVDV 
Address 
to Valid Data In 
585 
9TCLCL 
- 
165 
ns 


TLLWL 
ALE Low to AD or WA Low 
200 
300 
3TCLCL 
- 
50 
3TCLCL + 50 
ns 


TAVWL 
Address 
Valid to AD or WA Low 
203 
4TCLCL 
- 
130 
ns 


TQVWX 
Data Valid to WA Transition 
23 
TCLCL 
- 
60 
ns 


TWHQX 
Data Hold After WA 
33 
TCLCL 
- 
50 
ns 


TALAZ 
AD Low to Address 
Float 
0 
0 
ns 


TWHLH 
AD or WA High to ALE High 
43 
123 
TCLCL 
- 
40 
TCLCL + 40 
ns 
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I 


TRHOZ 


TRHO. 
- 
----::- 


.,'llzl-- 
'''.'1- - 


inter 


--TLLWL--I 
TWLWH 


Wli 


TOVWX 
~ 
TWHOX 


TAVLL 
-TLLAX- 
-L 


POATO 
DATA OUT 
INSTA 
IN 


"nter 


I 
--i 


IL 
ifI . 
i 


Shift Register Mode Timing Waveforms 
8·113 


inter 


Symbol 
Parameter 
Mln 
Max 
Units 


1/TCLCL 
Oscillator 
Frequency 
MHz 
80C51BHP 
3.5 
12 
80C51BHP-1 
3.5 
16 
80C51BHP-2 
0.5 
12 


TCHCX 
High Time 
20 
ns 


TCLCX 
Low Time 
20 
ns 


TCLCH 
Rise Time 
20 
ns 


TCHCL 
Fall Time 
20 
ns 


Symbol 
Parameter 
12 MHzOsc 
Variable Oscillator 
Units 


Mln 
Max 
Mln 
Max 


TXLXL 
Serial Port Clock Cycle Time 
1.0 
12TCLCL 
IJos 


TOVXH 
Output Data Setup to Clock Rising Edge 
700 
10TCLCL 
- 
133 
ns 


TXHOX 
Output Data Hold After Clock Rising Edge 
50 
2TCLCL 
- 
117 
ns 


TXHDX 
Input Data Hold After Clock Rising Edge 
0 
0 
ns 


TXHDV 
Clock Rising Edge to Input Data Valid 
700 
10TCLCL 
- 
133 
ns 


vcc-o.s-y 
0.2Vcc+o.t 
>C 
-A 0.2vcc-O., 
. 
G.45 V 
-------- 
VOL+O.' V 
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For timing purposes a port pin is no longer floating when a 
100 mV change from load voltage occurs. and begins to float 
when a 100 mV change from the loaded VOHIVOllevel 
occurs. 


IOl/IOH;' 
±20 mA. 


AC Inputs during testing are driven at Vcc - 
0.5 for a logic "1" 
and 0.45 V for a logic "0". Timing measurements are made at VIH 
min. for a logic "," 
and Vil max. for a logic "0". 


The following 
are the key differences 
between 
this and the -001 version 
of the 80C51 BHP data sheet: 


1. Package 
Table was added. 


2. Note 6 on Maximum 
Current 
Specifications 
was added to D.C. Characteristics. 


3. Data Sheet 
Revision 
Summary 
was added. 


inter 
87C51/87C51-1/87C51-2 
CHMOS SINGLE-CHIP 8-BIT MICROCONTROLLER 
WITH 4K BYTES OF EPROM PROGRAM MEMORY 


87C51-3.5 
to 12 MHz, VCC = 5V ± 10% 
87C51-1-3.5 
to 16 MHz, VCC = 5V ± 10% 
87C51-2-o.5 
to 12 MHz, VCC = 5V ± 10% 


• 
High Performance 
CHMOS 
EPROM 


• 
Quick-Pulse 
Programmlng™ 
Algorithm 


• 
2-Level 
Program 
Memory 
Lock 


• 
Boolean 
Processor 


• 
128-Byte 
Data RAM 


• 
32 Programmable 
I/O Lines 


• 
Two 
16-Blt Timer/Counters 


• 
5 Interrupt 
Sources 


• 
Programmable 
Serial Channel 


• 
TTL- and CMOS-Compatible 
Logic 
Levels 


• 
64K External 
Program 
Memory 
Space 


• 
64K External 
Data Memory 
Space 


• 
IDLE and POWER 
DOWN Modes 


• 
ONCETM Mode Facilitates 
System 
Testing 


• 
LCC, PLCC, and DIP Packaging 
Available 


The 87C51 is the EPROM version 
of the 80C51 BH. It is fabricated 
on Intel's CHMOS 
II-E process. 
It contains 


4K bytes of on-chip 
Program 
memory that can be electrically 
programmed, 
and can be erased by exposure 
to 


ultraviolet 
light. 


The 87C51 
EPROM 
array uses a modified 
Quick-Pulse 
programming 
algorithm, 
by which 
the entire 
4K-byte 


array can be programmed 
in about 
12 seconds. 


The extremely 
low operating 
power, 
along with the two reduced 
power 
modes, 
Idle and Power Down, 
make 
this part very suitable 
for low power 
applications. 
The Idle mode freezes 
the CPU while 
allowing 
the RAM, 
timer/counters, 
serial port, and interrupt 
system 
to continue 
functioning. 
The Power 
Down 
mode 
saves 
the 


RAM contents 
but freezes 
the oscillator, 
causing 
all other chip functions 
to be inoperative. 


PSEN 
TIMING 


A~ 
AND 


RST ----'-+ CONTROL 
I 
I 
I 
I 
I 
I 
I 
I 


inter 


Part 
Prefix 
Package Type 


87C51/ 
P 
40-Pin Plastic DIP 
87C51-1/ 
D 
40-Pin CERDIP 
87C51·2 
N 
44-Pin PLCC 


PLO 


Pl.l 


Pl.2 


Pl.3 


Pl.4 


Pl.5 


Pl.6 


Pl.7 


RST 


(RXO) 
P3.0 


(TXO) P3.1 


(INTO) P3.2 


(lNTl) 
P3.3 


(TO) 
P3.4 


(Tl) 
P3.5 
(Wil) 
P3.6 


(RD) 
P3.7 


XTAL2 


XTAL1 


VSS 


P1.5 


P1.6 


PL7 


RST 


(RXO) P3.0 


Ne 


(TXO) P3.1 


(INTO) P3.2 


(INTl) P3.3 


(TO) P3.4 
(Tl) P3.5 


Vcc 


PO.O (AOO) 


PO.l (A01) 


PO.2 (A02) 


PO.3 (A03) 


PO.4 (A04) 


PO.S (ADS) 


PO.6 (A06) 


PO.7 (A07) 


EA/Vpp 


ALE/PROG 


PSEN 


P2.7 
(A1S) 


P2.6 
(A14) 


P2.5 
(AI3) 


P2.4 
(A12) 


P2.3 
(All) 


P2.2 
(Al0) 


P2.1 
(A9) 
no 
(A8) 


270147-2 


po .•• (AD.) 


PO.S (A05) 


PO.• (JJl6) 


PO.7 (AD7) 


fi./Vpp 


NC 


ALE/P'iffiG 


PSEN 


P2.7 
(A1S) 


P2.6 (AU) 


P2.5 
(0\13) 


Vcc: Supply voltage during normal, Idle, and Power 
Down operations. 


Vss: Circuit ground. 


Port 0: Port 0 is an 8-bit open drain bidirectional I/O 
port. As an output port each pin can sink 8 LS TTL 
inputs. Port 0 pins that have 1s written to them float, 
and in that state can be used as high-impedance 
inputs. 


Port 0 is also the multiplexed low-order address and 
data bus during accesses to external memory. In this 
application it uses strong internal pullups when emit- 
ting 1s. 


Port 0 also receives the code bytes during EPROM 
programming, and outputs the code bytes during 
program verification. External pullups are required 
during program verification. 


Port 1: Port 1 is an 8-bit bidirectional I/O port with 
internal pullups. Port 1 pins that have 1s written to 
them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port 1 
pins that are externally being pulled low will source 
current (IlL, on the data sheet) because of the inter- 
nal pullups. 


Port 1 also receives the low-order address bytes 
during EPROM programming and program verifica- 
tion. 


Port 2: Port 2 is an 8-bit bidirectional I/O port with 
internal pullups. Port 2 pins that have 1s written to 
them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port 2 
pins that are externally being pulled low will source 
current (IlL, on the data sheet) because of the inter- 
nal pullups. 


Port 2 emits the high-order address byte during 
fetches from external Program memory and during 
accesses to external Data Memory that use 16-bit 
address (MOVX @DPTR).In this application it uses 
strong internal pullups when emitting 1s. 


During accesses to external Data Memory that use 
8-bit addresses (MOVX @Ri),Port 2 emits the con- 
tents of the P2 Special Function Register. 


Port 2 also receives some control signals and the 
high-order address bits during EPROM programming 
and program verification. 


Port 3: Port 3 is an 8-bit bidirectional I/O port with 
internal pullups. Port 3 pins that have 1s written to 
them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port 3 
pins that are externally being pulled low will source 
current (IlL, on the data sheet) because of the pull- 
ups. 


Port 3 also serves 
the functions 
of various 
special 
features 
of the MCS-51 
Family, as listed below: 


Pin 
Name 
Alternate 
Function 


P3.0 
RXD 
Serial input line 
P3.1 
TXD 
Serial output line 
P3.2 
INTO 
External 
Interrupt 
0 
. 


P3.3 
INT1 
External 
Interrupt 
1 
P3.4 
TO 
Timer 0 external 
input 
P3.5 
T1 
Timer 1 external 
input 
P3.6 
WR 
External 
Data Memory Write strobe 
P3.7 
RD 
External 
Data Memory Read strobe 


Port 
3 
also 
receives 
some 
control 
signals 
for 
EPROM 
programming 
and program 
verification. 


RST: Reset 
input. 
A logic 
high on this 
pin for two 
machine 
cycles while the oscillator 
is running 
resets 
the device. 
An internal 
pulldown 
resistor 
permits 
a 
power-on 
reset to be generated 
using only an exter- 
nal capacitor 
to Vcc. 


ALE/PROG: 
Address 
Latch Enable output signal for 
latching 
the low byte of the address 
during accesses 
to external 
memory. 
This 
pin is also 
the 
program 
pulse input (PROG) during EPROM 
programming. 


In normal 
operation 
ALE 
is emitted 
at a constant 
rate 
of 
116 the 
oscillator 
frequency, 
and 
may 
be 
used for external 
timing or clocking 
purposes. 
Note, 
however, 
that one ALE pulse is skipped 
during each 
access 
to external 
Data Memory. 


PSEN: Program 
Store Enable 
is the Read strobe 
to 
External 
Program 
Memory. 
When the 87C51 is exe- 
cuting from Internal 
Program 
Memory, 
PSEN is inac- 
tive (high). When the device 
is executing 
code from 
External 
Program 
Memory, 
PSEN is activated 
twice 
each 
machine 
cycle, 
except 
that two PSEN activa- 
tions 
are skipped 
during 
each 
access 
to 
External 
Data Memory. 


EA/Vpp: 
External 
Access 
enable. 
EA 
must 
be 
strapped 
to Vss 
in order 
to enable 
the 
87C51 
to 
fetch code from External 
Program 
Memory 
locations 
starting 
at OOOOHup to FFFFH. 
Note, however, 
that 
if either 
of the 
Lock 
Bits is programmed, 
the 
logic 
level at EA is internally 
latched 
during reset. 


EA must 
be strapped 
to Vcc 
for internal 
program 
execution. 


This pin also receives 
the 12.75V programming 
sup- 
ply voltage 
(Vpp) during EPROM 
programming. 


XTAL 1: Input to the inverting 
oscillator 
amplifier 
and 
input to the internal 
clock generating 
circuits. 


XT AL2: 
Output 
from the inverting 
oscillator 
amplifi- 
er. 


EXTERNAL 
OSCILLATOR 
SIGNAL 


XT AL 1 and XTAL2 are the input and output, 
respec- 


tively, of an inverting 
amplifier 
which 
can be config- 
ured for use as an on-chip 
oscillator, 
as shown 
in 
Figure 3. 


To drive the device 
from 
an external 
clock 
source, 


XTAL1 
should 
be driven, while XTAL2 
is left uncon- 
nected, 
as shown 
in Figure 4. There are no require- 
ments on the duty cycle of the external 
clock signal, 
since 
the 
input 
to the 
internal 
clocking 
circuitry 
is 
through 
a divide-by-two 
flip-flop, 
but minimum 
and 
maximum 
high and low times specified 
on the Data 
Sheet 
must be observed. 


In Idle Mode, 
the CPU puts itself to sleep while 
all 
the on-chip 
peripherals 
remain 
active. 
The mode is 
invoked 
by software. 
The 
content 
of 
the 
on-chip 
RAM and all the Special 
Functions 
Registers 
remain 
unchanged 
during this mode. The Idle Mode can be 
terminated 
by any enabled 
interrupt 
or by a hard- 


ware reset. 


It should 
be noted that when Idle is terminated 
by a 
hardware 
reset, 
the 
device 
normally 
resumes 
pro- 
gram execution, 
from where 
it left off, up to two ma- 
chine 
cycles 
before 
the 
internal 
reset 
algorithm 
takes 
control. 
On-chip 
hardware 
inhibits 
access 
to 
internal 
RAM 
in this event, 
but access 
to the 
port 
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Mode 
Program 
ALE 
PSEN 
PORTO 
PORT1 
PORT2 
PORT3 
Memory 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power Down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power Down 
External 
0 
0 
Float 
Data 
Data 
Data 


NOTE: 
. 


For more 
detailed 
information 
on the reduced 
power 
modes 
refer to current 
Embedded 
Controller 
Handbook, 
and ApplIca- 


tion Note AP-252, 
"Designing 
with the 80C51BH." 


pins is not inhibited. To eliminate the possibility of an 
unexpected write to a port pin when Idle is terminat- 
ed by reset, the instruction following the one that 
invokes Idle should not be one that writes to a port 
pin or to external memory. 


POWER 
DOWN 
MODE 


In the Power Down mode the oscillator is stopped, 
and the instruction that invokes Power Down is the 
last instruction executed. The on-chip RAM and 
Special Function Registers retain their values until 
the Power Down mode is terminated. 


The only exit from Power Down is a hardware reset. 
Reset redefines the SFRs but does not change the 
on-chip RAM. The reset should not be activated be- 
fore Vcc is restored to its normal operating level and 
must be held active long enough to allow the oscilla- 
tor to restart and stabilize. 


Exposure to light when the device is in operation 
may cause logic errors. For this reason, it is suggest- 
ed that an opaque label be placed over the window 
when the die is exposed to ambient light. 


If using the 87C51 to prototype for the 80C51BH, 
consult the Design Considerations section of the 
80C51BH data sheet. 


PROGRAM 
MEMORY 
LOCK 


The 87C51 contains two program memory lock 
schemes: Encrypted Verify and Lock Bits. 


Encrypted 
Verify: 
The 87C51 implements a 32- 
byte EPROM array that can be programmed by the 
customer, and which can then be used to encrypt 
the program code bytes during EPROM verification. 
The EPROM verification procedure is performed as 
usual, except that each code byte comes out logical- 
ly X-NORed with one of the 32 key bytes. The key 
bytes are gone through in sequence. Therefore, to 
read the ROM code, one has to know the 32 key 
bytes in their proper sequence. 


Lock Bits: Also on the chip are two Lock Bits which 
can be left unprogrammed (U) or can be pro- 
grammed (P) to obtain the following additional fea- 
tures: 


Bit 1 
Bit 2 
Additional 
Features 


U 
U 
none 


P 
U 
• Externally fetched code can not 
access internal Program Memory. 
• Further programming disabled. 


U 
P 
(Reserved for Future definition.) 


P 
P 
• Externally fetched code can not 
access internal Program Memory. 
• Further programming disabled. 
• Program verification is disabled. 


When Lock Bit 1 is programmed, the logic level at 
the EA pin is sampled and latched during reset. If 
the device is powered up without a reset, the latch 
initializes to a random value, and holds that value 
until reset is activated. It is necessary that the 
latched value of EA be in agreement with the current 
logic level at that pin in order for the device to func- 
tion properly. 


The ONCE ("on-circuit emulation") mode facilitates 
testing and debugging of systems using the 87C51 
without the 87C51 having to be removed from the 
circuit. The ONCE mode is invoked by: 
1. Pull ALE low while the device is in reset and 
PSEN is high; 
2. Hold ALE low as RST is deactivated. 


While the device is in ONCE mode, the Port 0 pins 
go into a float state, and the other port pins and ALE 
and PSEN are weakly pulled high. The oscillator cir- 
cuit remains active. While the 87C51 is in this mode, 
an emulator or test CPU can be used to drive the 
circuit. Normal operation is restored when a normal 
reset is applied. 


Ambient 
Temperature 
Under Bias .... 
O°C to + 70°C 


Storage Temperature 
-65°C 
to + 150°C 


Voltage 
on EAlVpp 
Pin to VSS 
OV to + 13.0V 


Voltage 
on Any Other Pin to VSS .. - O.5V to + 6.5V 


Maximum 
IOL per I/O Pin 
15 mA 


Power Dissipation 
1.5W 


(Based 
on package 
heat transfer 
limitations, 
not de- 
vice power 
consumption). 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Mln 
Typ(l) 
Max 
Unit 
Test Conditions 


VIL 
Input Low Voltage 
(Except 
EA) 
-0.5 
.2Vcc-·1 
V 


VIL1 
Input Low Voltage 
to EA 
0 
.2Vee-·3 
V 


VIH 
Input High Voltage 
(Except 
XT AL 1, RST) 
.2Vcc+·9 
Vcc+·5 
V 


VIH1 
Input High Voltage 
(XTAL 1, RST) 
0.7Vcc 
Vce+·5 
V 


VOL 
Output 
Low Voltage 
(Ports 1, 2, 3) (7) 
0.45 
V 
IOL = 1.6 mA (2) 


VOL1 
Output 
Low Voltage 
(Port 0, ALE, PSEN) (7) 
0.45 
V 
IOL = 3.2 mA (2) 


VOH 
Output 
High Voltage 
(Ports 1, 2, 3, ALE, PSEN) 
2.4 
V 
IOH = -60j.£A 


.75Vcc 
V 
IOH = -25j.£A 


.9Vcc 
V 
IOH = -10 
j.£A 


VOH1 
Output 
High Voltage 
(Port 0 in 
2.4 
V 
IOH = -800j.£A 


.75Vcc 
V 
IOH = -300 
j.£A 
Ex1ernal Bus Mode) 
.9Vcc 
V 
IOH = -80 
j.£A (3) 


IlL 
Logical 0 Input Current 
(Ports 1, 2, 3) 
-50 
j.£A 
VIN = 0.45 V 


IlL 
Logical 
l-to-O transition 
current 
-650 
j.£A 
(4) 
(Ports 1, 2, 3) 


ILl 
Input Leakage 
Current 
(Port 0) 
±10 
j.£A 
VIN = VIL or VIH 


Ice 
Power Supply Current: 
Active 
Mode 
@ 12 MHz (5) 
11.5 
25 
mA 
Idle Mode 
@ 12 MHz (5) 
1.3 
4 
mA 
(6) 
Power Down Mode 
3 
50 
j.£A 


RRST 
Internal 
Reset Pulldown 
Resistor 
50 
300 
kO 


CIO 
Pin Capacitance 
10 
pF 


NOTES: 
1. "Typicals" 
are based 
on a limited 
number 
of samples 
taken 
from 
early manufacturing 
lots and are not guaranteed. 
The 


values 
listed are at room temp, 
5V. 
2. Capacitive 
loading 
on Ports 0 and 2 may cause 
spurious 
noise pulses 
to be superimposed 
on the VOLS of ALE and Ports 


1 and 3. The noise 
is due to ex1ernal bus capacitance 
discharging 
into the Port 0 and Port 2 pins when 
these 
pins make 
1- 


to-O transitions 
during 
bus operations. 
In the worst 
cases 
(capacitive 
loading> 
100pF), 
the noise 
pulse on the ALE pin may 


exceed 
0.8V. In such cases 
it may be desirable 
to qualify ALE with a Schmitt 
Trigger, 
or use an address 
latch with a Schmitt 


Trigger 
STROBE 
input. 


3. Capacitive 
loading 
on Ports 0 and 2 may cause 
the VOH on ALE and PSEN to momentarily 
fall below 
the 0.9Vcc 
specifi- 


cation 
when 
the address 
bits are stabilizing. 


4. Pins of Ports 
1, 2, and 
3 source 
a transition 
current 
when 
they 
are being 
ex1ernally 
driven 
from 
1 to O. The transition 


current 
reaches 
its maximum 
value 
when VIN is approximately 
2V. 
5. IccMAX 
at other 
frequencies 
is given 
by: 


Active 
Mode: 
lecMAX 
= 0.94 
X FREQ 
+ 
13.71 


Idle Mode: 
IccMAX 
= 0.14 
X FREQ 
+ 
2.31 


where 
FREQ 
is the ex1ernal oscillator 
frequency 
in MHz. IccMAX 
is given in mA. See Figure 5. 


6. See Figures 6 through 9 for Ice test conditions. Minimum Vee for Power Down is 2V. 
7. Under steady state (non-transient) conditions, IOLmust be externally limited as follows: 
Maximum IOLper port pin: 
10 mA 
Maximum IOLper 8-bit port- 
PortO: 
26 mA 
Ports 1,2, and 3: 
15 mA 
Maximum totallOL for all output pins: 
71 mA 
If IOLexceeds the test condition, VOL may exceed the related specification. 
Pins are not guaranteed to sink greater than the listed test conditions. 


XTAl2 
XTAll 
vss 


Figure 7. lee Test Condition, 
Idle Mode. 
All other pins are disconnected. 


TYP(l) 
IDLE MODE 


4WHz: 
8-...u 
12WHz: 
l6lMiz 


F'R£Q 
AT 
XTAL1 


Figure 5. lee vs. FREQ. Valid only 
within frequency 
specifications 
of the 
device under test. 
XTAl2 
XTAll 


Vss 


Figure 9. lee Test Condition, 
Power 
Down 
Mode. All other pins are disconnected. 
Vee = 2V to 5.5V. 


Figure 6. lee Test Condition, 
Active 
Mode. 
All other pins are disconnected. 


Figure 8. Clock Signal Waveform 
for 
lee tests In Active and Idle Modes. 
TCLCH = TCHCL = 5 ns. 
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Each timing symbol has 5 characters. 
The first char- 
acter 
is always 
a 'T' 
(stands 
for time). 
The 
other 
characters, 
depending 
on their 
positions. 
stand 
for 
the 
name 
of a signal 
or the 
logical 
status 
of that 
signal. The following 
is a list of all the characters 
and 
what they stand for. 


A:Address. 
C:Clock. 
D:lnput 
data. 
H:Logic 
level HIGH. 
1:lnstruction 
(program 
memory 
contents). 


L:Logic 
level LOW. or ALE. 


P:PSEN. 
O:Output 
data. 
R:RD signal. 
T:Time. 
V:Valid. 
W:WR signal. 
X:No longer a valid logic level. 
Z:Float. 


TAVLL = Time from Address 
Valid to ALE Low. 
TLLPL 
= Time from ALE Low to PSEN Low. 


A.C. CHARACTERISTICS: 
(TA = O·C to + 70·C; Vcc = 5V ± 10%; VSS = OV; Load Capacitance 
for 
Port 0, ALE, and PSEN = 100 pF; Load Capacitance 
for All Other Outputs = 80 pF) 


Symbol 
Parameter 
12 MHz Oscillator 
Variable 
Oscillator 
Units 
Mln 
Max 
Mln 
Max 


1/TCLCL 
Oscillator 
Frequency 
87C51 
3.5 
12 
MHz 
87C51-1 
3.5 
16 
87C51-2 
0.5 
12 


TLHLL 
ALE Pulse Width 
127 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
28 
TCLCL-55 
ns 


TLLAX 
Address 
Hold After ALE Low 
48 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid Instr In 
234 
4TCLCL-100 
ns 


TLLPL 
ALE Low to PSEN Low 
43 
TCLCL-40 
ns 


TPLPH 
PSEN Pulse Width 
205 
3TCLCL-45 
ns 


TPLIV 
PSEN Low to Valid Instr In 
145 
3TCLCL-105 
ns 


TPXIX 
Input Instr Hold After PSEN 
0 
0 
ns 


TPXIZ 
Input Instr Float After PSEN 
59 
TCLCL-25 
ns 


TAVIV 
Address 
to Valid Instr In 
312 
5TCLCL-105 
ns 
TPLAZ 
PSEN Low to Address 
Float 
10 
10 
ns 


TRLRH 
RD Pulse Width 
400 
6TCLCL-100 
ns 


TWLWH 
WR Pulse Width 
400 
6TCLCL-100 
ns 


TRLDV 
RD Low to Valid Data In 
252 
5TCLCL-165 
ns 
TRHDX 
Data Hold After RD 
0 
0 
ns 
TRHDZ 
Data Float After RD 
97 
2TCLCL-70 
ns 
TLLDV' 
ALE Low to Valid Data In 
517 
8TCLCL-150 
ns 
TAVDV 
Address 
to Valid Data In 
585 
9TCLCL-165 
ns 


TLLWL 
ALE Low to RD or WR Low 
200 
300 
3TCLCL-50 
3TCLCL+50 
ns 
TAVWL 
Address 
to RD or WR Low 
203 
4TCLCL-130 
ns 
TOVWX 
Data Valid to WR Transition 
23 
TCLCL-60 
ns 
TWHOX 
Data Hold After WR 
33 
TCLCL-50 
ns 
TRLAZ 
RD Low to Address 
Float 
0 
0 
ns 
TWHLH 
RD or WR High to ALE High 
43 
123 
TCLCL-40 
TCLCL+40 
ns 


inter 


'I 
TRLRH 


TAVDV 


P2.0-P2.7 
OR AS-A15 
fROM DPH 


- 
fROM RI OR DPL 


TAVWL 


Symbol 
Parameter 
Min 
Max 
Units 


1/TCLCL 
Oscillator 
Frequency 
87C51 
3.5 
12 
MHz 
87C51-1 
3.5 
16 
87C51-2 
0.5 
12 


TCHCX 
High Time 
20 
ns 


TCLCX 
Low Time 
20 
ns 


TCLCH 
Rise Time 
20 
ns 


TCHCL 
Fall Time 
20 
ns 


VCC-0.5 •• 
- - 
0.7 V 
cc 


0.• 5 V 
0.2 Vcc-O.l 
TCHCL 


12 MHz 
Variable 
Oscillator 
Symbol 
Parameter 
Oscillator 
Units 


Min 
Max 
Mln 
Max 


TXLXL 
Serial Port Clock Cycle Time 
1.0 
12TCLCL 
p.s 


TQVXH 
Output Data Setup to Clock Rising Edge 
700 
1OTCLCL -133 
ns 


TXHQX 
Output Data Hold After Clock Rising Edge 
50 
2TCLCL-117 
ns 


TXHDX 
Input Data Hold After Clock Rising Edge 
0 
0 
ns 


TXHDV 
Clock Rising Edge to Input Data Valid 
700 
1OTCLCL -133 
ns 


INSTRUCTION 
I 


ALE 


r-TOVXH~ i 


TXHOX---... 


~ 


1 
X 
2 


-I r- 
TXHOX 


TXHDV t 
I 
t 


WRITE TO SBUF 


INPUT 
DATA 


t 


SET RI 


270147-9 


A.C. TESTING: 


INPUT, 
OUTPUT 
WAVEFORMS 


V 
CC 
-0.5=x 
>C 
0.2Vcc+0.9 


0.2Vcc-0.l 
0.45V 
-------- 


AC inputs during testing are driven at Vcc - 
0.5 for a Logic "I" 
and 0.45V for a Logic "0:' Timing measurements are made at VIH 
min for a Logic "I" 
and VIL max for a Logic "0". 


VLOAO+O.lV 


VLOAO 
_TilliNG 
REFERENCE<=: 
--- 
POINTS 
VLOAO-O.l 
V 


270147-11 


For timing purposes a port pin is no longer floating when a 100 
mV change from load voltage occurs, and begins to float when a 
100 mV change from the loaded VOHIVOLlevel occurs. IOL/lOH 
;, ±20 mA. 


to identify the device. The signature bytes identify 
the device as an 87C51 manufactured by Intel. 


Table 2 shows the logic levels for reading the signa- 
ture byte, and for programming the Program Memo- 
ry, the Encryption Table, and the Lock Bits. The cir- 
cuit configuration and waveforms for Quick-Pulse 
Programming™ are shown in Figures 10 and 11. 
Figure 12 shows the circuit configuration for normal 
Program Memory verification. 


The 87C51 is programmed by a modified Quick- 
Pulse Programming™ algorithm. It differs from older 
methods in the value used for Vpp (Programming 
Supply Voltage) and in the width and number of the 
ALE/PROG pulses. 


The 87C51 contains two signature bytes that can be 
read and used by an EPROM programming system 


MODE 
RST 
PSEN 
ALE! 
EAI 
P2.7 
P2.6 
P3.7 
P3.6 
PROG 
Vpp 


Read Signature 
1 
0 
1 
1 
0 
0 
0 
0 


Program Code Data 
1 
0 
O' 
Vpp 
1 
0 
1 
1 


Verify Code Data 
1 
0 
1 
1 
0 
0 
1 
1 


Pgm Encryption Table 
1 
0 
O' 
Vpp 
1 
0 
1 
0 


Pgm Lock Bit 1 
1 
0 
O' 
Vpp 
1 
1 
1 
1 


Pgm Lock Bit 2 
1 
0 
O' 
Vpp 
1 
1 
0 
0 


NOTES: 
"1" 
= Valid high for that pin 


"0" 
= Valid low for that pin 
Vpp = 12.75V 
± 0.25V 
VCC = 5V ± 10% during 
programming 
and verification 


'ALE/PRQG 
receives 
25 programming 
pulses 
while Vpp is held at 12.75V. 
Each programming 
pulse is low for 100 /LS(± 10 
/LS) and high for a minimum 
of 10 /LS, 


+sv 


vcc 


AO-A7 
PI 
PO 


RST 
"EA/Vpp 


P3.6 
AlE/PROG 


87CSI 
ISmi 


P3.7 
P2.7 


XTAl2 
P2.6 


XTAll 


vss 
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1 I' 


ALE/PROG:~-----~ 
~ 


1 "--.. 
10~. ~IN1I' ~~~t:'I 


ALE/PROG:----O-, 
•.•n 
.....n... _ 


25 PULSES------, 
I 


Figure 11. PROG Waveforms 


through 1FH, using the "Pgm Encryption Table" lev- 
els. Don't forget that after the Encryption Table is 
programmed, verify cycles will produce only encrypt- 
ed data. 


The setup for Microcontroller Quick-Pulse Program- 
ming™ is shown in Figure 10. Note that the 87C51 
is running with a 4 to 6 MHz oscillator. The reason 
the oscillator needs to be running is that the device 
is executing internal address and program data 
transfers. 


The address of the EPROM location to be pro- 
grammed is applied to Ports 1 and 2, as shown in 
Figure 10. The code byte to be programmed into 
that location is applied to Port O. RST, PSEN, and 
pins of Ports 2 and 3 specified in Table 2 are held at 
the "Program Code Data" levels indicated in Table 
2. Then ALE/PROG 
is pulsed low 25 times as 
shown in Figure 11. 


To program the Encryption Table, repeat the 25- 
pulse 
programming 
sequence 
for 
addresses 
0 


To program the Lock Bits, repeat the 25-pulse pro- 
gramming sequence using the "Pgm Lock Bit" lev- 
els. After one Lock Bit is programmed, further pro- 
gramming of the Code MemorY and Encryption Ta- 
ble is disabled. However, the other Lock Bit can still 
be programmed. 


Note that the EAlVpp pin must not be allowed to go 
above the maximum specified Vpp level for any 
amount of time. Even a narrow glitch above that volt- 
age level can cause permanent damage to the de- 
vice. The Vpp source should be well regulated and 
free of glitches and overshoot. 
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+5V 


10 kll 
x8 


AO-A7 
PI 
PO 
PGM 
DATA 


RST 
EA/'Ipp 


P3.6 
ALE/PROG 


87C51 
mil 
0 


P3.7 
(ENABLE) 
P2.7 
0 


XTAL2 
P2.6 
0 


XTAL 1 


VSS 


Program Verification 


If Lock Bit 2 has not been programmed, the on-chip 
Program Memory can be read out for program verifi- 
cation. The address of the Program Memory location 
to be read is applied to Ports 1 and 2 as shown in 
Figure 12. The other pins are held at the "Verity 
Code Data" levels indicated in Table 2. The con- 
tents of the addressed location will be emitted on 
Port O. External pullups are required on Port 0 for 
this operation. Detailed timing specifications are 
shown in later sections of this data sheet. 


If the Encryption Table has been programmed, the 
data presented at Port 0 will be the Exclusive NOR 
of the program byte with one of the encryption bytes. 
The user will have to know the Encryption Table 
contents in order to correctly decode the verification 
data. The Encryption Table itself can not be read 
out. 


The signature bytes are read by the same procedure 
as a normal verification of locations 030H and 031H, 
except that P3.6 and P3.7 need to be pulled to a 
logic low. The values returned are: 


(030H) = 89H indicates manufactured by Intel 


(031H) = 57H indicates 87C51 


Any algorithm in agreement with the conditions list- 
ed in Table 2, and which satisfies the timing specifi- 
cations, is suitable. 


Erasure of the EPROM begins to occur when the 
chip is exposed to light with wavelengths shorter 
than approximately 4,000 Angstroms. Since sunlight 
and fluorescent lighting have wavelengths in this 
range, exposure to these light sources over an ex- 
tended time (about 1 week in sunlight, or 3 years in 
room level fluorescent lighting) could cause inadver- 
tent erasure. If an application subjects the device to 
this type of exposure, it is suggested that an opaque 
label be placed over the window. 


The recommended erasure procedure is exposure 
to ultraviolet light (at 2537 Angstroms) to an integrat- 
ed dose of at least 15 W-sec/cm2. Exposing the 
EPROM to an ultraviolet lamp of 12,000 IJoW/cm2 
rating for 30 minutes, at a distance of about 1 inch, 
should be sufficient. 


EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS: 
(TA = 21°C to 2rc, vcc = 5V ±10%, 
vss = OV) 


Symbol 
Parameter 
Mln 
Max 
Units 


Vpp 
Programming Supply Voltage 
12.5 
13.0 
V 


Ipp 
Programming Supply Current 
50 
mA 


1/TCLCL 
Oscillator Frequency 
4 
6 
MHz 


TAVGL 
Address Setup to PROG Low 
48TCLCL 


TGHAX 
Address Hold After PROG 
48TCLCL 


TDVGL 
Data Setup to PROG Low 
48TCLCL 


TGHDX 
Data Hold After PROG 
48TCLCL 


TEHSH 
P2.7 (ENABLE) High to Vpp 
48TCLCL 


TSHGL 
Vpp Setup to PROG Low 
10 
,.,.s 


TGHSL 
Vpp Hold After PROG 
10 
,.,.s 


TGLGH 
PROGWidth 
90 
110 
,.,.s 


TAVQV 
Address to Data Valid 
48TCLCL 


TELQV 
ENABLE Low to Data Valid . 
48TCLCL 


TEHQZ 
Data Float After ENABLE 
0 
48TCLCL 


TGHGL 
PROG High to PROG Low 
10 
,.,.s 


TAVQY 


DATAOUT 


P2.7 ---A 


(ENABLE) 


TELOV1•••_-__ 
1,.....-TE-HO-Z--- 


The following 
are the key differences 
between 
this and the -004 version 
of the 87C51 BH data sheet 


1. Package 
table was added. 


2. Note 7 on maximum 
current 
specifications 
added to DC Characteristics. 


3. Data Sheet 
Revision 
Summary 
was added. 
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87C51 
EXPRESS 


• 
Extended 
Temperature 
Range 


• 
Burn-In 


The Intel EXPRESS 
system 
offers 
enhancements 
to the operational 
specifications 
of the MCS~-S1 
family of 


microcontrollers. 
These 
EXPRESS 
products 
are designed 
to meet the needs 
of those 
applications 
whose 
operating 
requirements 
exceed 
commercial 
standards. 


The EXPRESS 
program 
includes 
the commercial 
standard 
temperature 
range with burn-in and an extended 
temperature 
range with or without 
burn-in. 


With the commercial 
standard 
temperature 
range, operational 
characteristics 
are guaranteed 
over the temper- 


ature 
range 
of O·C to + 70·C. With the extended 
temperature 
range option, 
operational 
characteristics 
are 
guaranteed 
over the range of - 40·C to + 8S·C. 


The optional 
burn-in is dynamic 
for a minimum time of 160 hours at 12SoC with Vcc = 6.9V ±0.2SV, 
following 
guidelines 
in MIL-STD-883, 
Method 
101S. 


Package 
types and EXPRESS 
versions 
are identified 
by a one- or two-letter 
prefix to the part number. 
The 
prefixes 
are listed in Table 
1. 


For the extended 
temperature 
range option, this data sheet specifies 
the parameters 
which deviate 
from their 
commercial 
temperature 
range 
limits. The commercial 
temperature 
range data sheets 
are applicable 
for all 
parameters 
not listed here. 
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Electrical 
Deviations 
from Commercial 
Specifications 
for Extended 
Temperature 
Range 


D.C. and A.C. parameters 
not included 
here 
are the same 
as in the commercial 
temperature 
range 
data 
sheets. 


Symbol 
Parameter 
Limits 
Unit 
Test 


Mln 
Max 
Conditions 


VIL 
Input Low Voltage 
(Except EA) 
-0.5 
0.2Vee 
- 
0.15 
V 


VIL1 
EA 
0 
0.2Vee 
- 
0.35 
V 


VIH 
Input High Voltage 
(Except XTAL 1, RSn 
0.2Vee + 1 
Vee + 0.5 
V 


VIH1 
Input High Voltage to XTAL 1, RST. 
0.7Vee + 0.1 
Vee + 0.5 
V 


IlL 
Logical 0 Input Current (Port 1, 2, 3) 
-75 
IJ-A 
VIN = 0.45V 


ITL 
Logical 1 to 0 transition 
-750 
IJ-A 
VIN = 2.0V 
Current (Ports 1, 2, 3) 


Ice 
Power Supply Current 
(Note 1) 
Active Mode 
35 
mA 
Idle Mode 
6 
mA 
Power Down Mode 
50 
IJ-A 


NOTE: 
1. Vcc = 4.5V-5.5V, 
Frequency 
Range = 3.5 MHz-12 MHz. 
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Prefix 
Package 
Type 
Temperature 
Range(2) 
Burn-ln(3) 


P 
Plastic 
Commercial 
No 


D 
Cerdip 
Commercial 
No 


N 
PLCC 
Commercial 
No 


TP 
Plastic 
Extended 
No 


TO 
Cerdip 
Extended 
No 


TN 
PLCC 
Extended 
No 


OP 
Plastic 
Commercial 
Yes 


OD 
Cerdip 
Commercial 
Yes 


ON 
PLCC 
Commercial 
Yes 


LP 
Plastic 
Extended 
Yes 


LD 
Cerdip 
Extended 
Yes 


LN 
PLCC 
Extended 
Yes 


NOTES: 
2. Commercial temperature range is O'C to + 70'C. Extended temperature range is -40'C 
to + 85'C. 


3. Burn-in is dynamic for a minimum time of 160 hours at + 125'C, Vcc = 6.9V ±0.25V, following guidelines in MIL·STD· 
883 Method 1015 (Test Condition D). 


Examples: 


P87C51 indicates 
87C51 in a plastic package 
and specified 
for commercial 
temperature 
range, without 
burn-in. 
LD87C51 
indicates 
87C51 in a cerdip 
package 
and specified 
for extended 
temperature 
range with burn-in. 


83C51FA/FB 
9 
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Hardware Description of the 
83C51FA and 83C51FB 


HARDWARE DESCRIPTION 
OF THE 83C51FA AND 
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9-4 
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2.1 Program Memory 
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REGISTERS 
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HARDWARE DESCRIPTION OF THE 83C51FA/FB 


The 80C51FA and 80C51FB are highly integrated 8-bit 
microcontrollers based on the MCS@-51 architecture. 
Their key feature is the programmable counter array 
(PCA) which is capable of measuring and generating 
pulse information on five I/O pins. Also included are 
an enhanced serial port for multi-processor communi- 
cations, an up/down 
timer/counter, 
and a program 
lock scheme for the on-chip program memory. Since 
these products are CHMOS, they have two software 
selectable reduced power modes: Idle Mode and Power 
Down Mode. As a member of the MCS-51 family, the 
80C5IFA/FB 
are optimized for control applications. 


This document presents a comprehensive description of 
the on-chip hardware features of the 8XC51FA/FB. 
It 
begins with a discussion of the on-chip memory and 
then discusses each of the peripherals as follows: 


• 8K 
Bytes 
On-Chip 
EPROM/ROM 
(on 
the 
87C5IFA/83C5 IFA) 


• 
16K 
Bytes 
On-Chip 
EPROM/ROM 
(on 
the 
87C5IFB/83C5IFB) 


• 256 Bytes On-Chip Data RAM 
• Special Function Registers (SFR) 
• Four 8-bit bidirectional parallel ports 
• Three 16-bit Timer/Counters 
with 
- 
One Up/Down Timer/Counter 
• Programmable Counter Array with 
Compare/Capture 
Software Timer 
High Speed Output 
Pulse Width Modulator 
Watchdog Timer 


• Full-Duplex Programmable Serial Interface with 
- 
Framing Error Detection 
- 
Automatic Address Recognition 


• Interrupt Structure with 
- 
Seven interrupt sources 
- 
Two priority levels 


• Reduced Power Modes 
Idle Mode 
- 
Power Down Mode 


The 8XC5IFA/FB 
uses the standard 8051 instruction 


set and is pin-for-pin compatible 
with the existing 
MCS-51 family of products. The 83C51FA/FB 
is the 


factory masked ROM device; the 80C51FA is the 
ROMless device; and the 87C5IFA/FB 
is the EPROM 
device. The designation 8XC51FA/FB 
refers to any of 
these devices. 


Figure 
I shows a functional block diagram 
of the 


8XC51FA/FB. 


All MCS-5l devices have a separate address space for 
Program and Data Memory. Up to 64K bytes each of 
external Program and Data Memory can be addressed. 


The 
only 
difference 
between 
the 
8XC51FA 
and 


8XC51FB is the program memory size. The 8XC51FA 
has 8K bytes of internal ROM or EPROM, whereas the 
8XC51FB has 16K bytes. 


If the EA pin is connected to Vss, all program fetches 
are directed to external memory. On the 83C51FA (or 
87C5IFA), if the EA pin is connected to VCc. then 
program fetches to addresses OOOOHthrough IFFFH 
are directed to internal ROM and fetches to addresses 
2000H through FFFFH are to external memory. 


On the 83C51FB (or 87C51FB) if EA is connected to 
VCC, program fetches to addresses OOOOHthrough 
3FFFH are directed to internal ROM, and fetches to 
addresses 4000H through FFFFH are to external mem- 
ory. 


The 8XC5IFA/FB 
implement 256 bytes of on-chip 


data RAM. The upper 128 bytes occupy a parallel ad- 
dress space to the Special Function 
Registers. That 


means they have the same addresses, but they are phys- 
ically separate from SFR space. 


When an instruction accesses an internal location above 
address 7FH, the CPU knows whether the access is to 
the upper 128 bytes of data RAM or to SFR space by 
the addressing mode used in the instruction. Instruc- 
tions that use direct addressing access SFR space. For 
example, 


accesses the SFR at location OAOH(which is P2). In- 
structions that use indirect addressing access the upper 
128 bytes of data RAM. For example, 


where ROcontains OAOH,accesses the data byte at ad- 
dress OAOH,rather than P2 (whose address is OAOH). 
Note that stack operations are examples of indirect ad- 
dressing, so the upper 128 bytes of data RAM are avail- 
able as stack space. 


l'SEN 
ALE/f'Illll: 
E:A/VPP 
RST 


TilliNG 
AND 
CONTROL 


A map of the on-chip memory area called the SFR 
(Special Function Register) space is shown in Table I. 


Note that not all of the addresses are occupied. Unoc- 
cupied addresses are not implemented on the chip. 
Read accesses to these addresses will in general return 
random data, and write accesseswill have no effect. 


user software snoulQ not wnte 
IS to these ummple- 
mented locations, since they may be used in future 
MCS-51 products to invoke new features. In that case 
the reset or inactive values of the new bits will always 
be 0, and their active values will be 1. 


1he tunctlons of the Sl'Rs are outlined below. More 
information on the use of specific SFRs for each periph- 
eral is included in the description of that peripheral. 


Accumulator ACC is the Accumulator 
register. The 


mnemonics 
for 
Accumulator-Specific 
instructions, 


however, refer to the Accumulator simply as A. 


CH 
CCAPOH 
CCAP1H 
CCAP2H 
CCAP3H 
CCAP4H 
00000000 XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 


'B 
00000000 


CL 
CCAPOL 
CCAP1L 
CCAP2L 
CCAP3L 
CCAP4L 
00000000 XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 


,ACC 
00000000 


CCON 
CMOD 
CCAPMO 
CCAPM1 
CCAPM2 
CCAPM3 
CCAPM4 
OOXOOOOO OOXXXOOO 
XOOOOOOO 
XOOOOOOO 
XOOOOOOO 
XOOOOOOO 
XOOOOOOO 


,PSW 
00000000 


T2CON 
T2MOD 
RCAP2L 
RCAP2H 
TL2 
TH2 
00000000 XXXXXXXO 
00000000 
00000000 
00000000 
00000000 


,IP 
SADEN 


} 


XOOOOOOO 
00000000 


,P3 
11111111 
, IE 
SADDR 
00000000 
00000000 


,P2 
r 
11111111 
I 


,SCON 
'SBUF 


<. 


00000000 xxxxxxxx 
,P1 
11111111 


,TCON 
'TMOD 
'TLO 
'TL1 
'THO 
'TH1 
00000000 00000000 
00000000 
00000000 
00000000 
00000000 


,PO 
'SP 
,DPL 
'DPH 
'PCON 
" 


11111111 00000111 
00000000 
00000000 
OOXXOOOO 


• = Found in the 8051 core (See 8051 HardwareDescriptionfor explanations of these SFRs). 


•• = See descriptionof PCONSFR. BitPCON.4is not affected by reset. 
X = Undefined. 
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Symbol 


CY 


AC 
FO 
RS1 
RSO 


Bit Addressable 
Icy~IFO 


Bit 
7 
6 
5 


RS1 


4 


RSO 


3 


OV~ 
2 
1 
0 


Function 


Carry flag. 
Auxiliary Carry flag. (For BCD Operations) 
Flag O.(Available to the user for general purposes). 
Register bank select bit 1. 
Register bank select bit O. 


RS1 
RSO 
o 
0 
o 
1 
1 
0 
1 
1 
Overflow flag. 
User definable flag. 
Parityflag. Set/cleared by hardware each instruction cycle to indicate an odd/even 
number of "one" bits in the Accumulator, Le.,even parity. 


Working 
Register 
Bank and Address 
Bank 0 
(OOH-07H) 
Bank 1 
(08H-OFH) 
Bank 2 
(10H-17H) 
Bank 3 
(18H-1FH) 


B Register The B register is used during multiply and 
divide operations. For other instructions it can be treat- 
ed as another scratch pad register. 


Stack Pointer The Stack Pointer Register is 8 bits wide. 
It is incremented before data is stored during PUSH 
and CALL executions. The stack may reside anywhere 
in on-chip RAM. On reset, the Stack Pointer is initial- 
ized to 07H causing the stack to begin at location 08H. 


Data Pointer The Data Pointer (DPTR) consists of a 
high byte (DPH) and a low byte (DPL). Its intended 
function is to hold a 16-bit address, but it may be ma- 
nipulated as a 16-bit register or as two independent 
8-bit registers. 


Program Status Word The PSW register contains pro- 
gram status information as detailed in Table 2. 


Ports 0 to 3 Registers PO, PI, P2, and P3 are the SFR 
latches of Port 0, Port I, Port 2, and Port 3 respective- 
ly. 


Timer Registers 
Register pairs (THO, TLO), (THI, 


TLl), and (TH2, TL2) are the 16-bit count registers for 
Timer/Counters 
0, I, and 2 respectively. Control and 


status bits are contained in registers TCON and TMOD 
for Timers 0 and 
I and in registers T2CON 
and 


T2MOD 
for Timer 2. The register pair (RCAP2H, 


RCAP2L) are the capture/reload 
registers for Timer 2 


in 16-bit capture mode or 16-bit auto-reload mode. 


Programmable Counter Array (peA) Registers The 16- 
bit PCA timer/counter 
consists of registers CH and 


CL. Registers CCON and CMOD contain the control 
and status bits for the PCA. The CCAPMn (n = 0, I, 
2, 3, or 4) registers control the mode for each of the five 
PCA modules. The register pairs (CCAPnH, CCAPnL) 
are the 16-bit compare/capture 
registers for each PCA 
module. 


Serial Port Registers The Serial Data ButTer,SBUF, is 
actually two separate registers: a transmit butTer and a 
receive butTerregister. When data is moved to SBUF, it 
goes to the transmit butTer where it is held for serial 
transmission. (Moving a byte to SBUF initiates the 
transmission). 
When data is moved from SBUF, it 


comes from the receive butTer. Register SCON contains 
the control and status bits for the Serial Port. Registers 
SADDR and SADEN are used to define the Given and 
the Broadcast addresses for the Automatic 
Address 


Recognition feature. 


Interrupt Registers The individual interrupt enable bits 
are in the IE register. Two priorities can be set for each 
of the 7 interrupts in the IP register. 


Power Control Register PCON controls the Power Re- 
duction Modes. Idle and Power Down Modes. 
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4.0 
PORT STRUCTURES 
AND 
OPERATION 


All four ports in the 8XC5IFA/FB 
are bidirectional. 


Each consists of a latch (Special Function Registers PO 
through P3), an output driver, and an input buffer. 


The output drivers of Ports 0 and 2, and the input buff- 
ers of Port 0, are used in accesses to external memory. 
In this application, Port 0 outputs the low byte of the 
external memory address, time-multiplexed with the 
byte being written or read. Port 2 outputs the high byte 
of the external memory address when the address is 
16bits wide. Otherwise the Port 2 pins continue to emit 
the P2 SFR content. 


All the Port 1 and Port 3 pins are multifunctional. 
They are not only port pins, but also serve the functions 
of various special features as listed in Table 3. 


The alternate functions can only be activated if the cor- 
responding bit latch in the port SFR contains a I. Oth- 
erwise the port pin is stuck at O. 


Figure 2 shows a functional diagram of a typical bit 
latch and I/O buffer in each of the four ports. The bit 
latch (one bit in the port's SFR) is represented as a 
Type D flip-flop, which clocks in a value from the in- 
ternal bus in response to a "write to latch" signal from 
the CPU. The Q output of the flip-flop is placed on the 
internal bus in response to a "read latch" signal from 
the CPU. The level of the port pin itse1fis placed on the 
internal bus in response to a "read pin" signal from the 
CPU. Some instructions that read a port activate the 
"read latch" signal, and others activate the "read pin" 
signal. See the Read-Modify-Write Feature section. 


As shown in Figure 2, the output drivers of Ports 0 and 
2 are switchable to an internal ADDRESS and AD- 
DRESS/DATA 
bus by an internal CONTROL signal 
for use in external memory accesses. During external 
memory accesses, the P2 SFR remains unchanged, but 
the PO SFR gets Is written to it. 


Port Pin 
Alternate Function 
PO.O/ADO- Multiplexed Byte of Address/Data 
for 
PO.7/AD7 
External Memory 
Pl.O/T2 
Timer 2 External Clock Input 
Pl.1/T2EX 
Timer 
2 
Reload/Capture/Direction 
Control 
P1.2/ECI 
PCA External Clock Input 
P1.3/CEX3 
PCA Module 0 Capture Input, Com- 
pare/PWM 
Output 
P1.4/CEX4 
PCA Module 1 Capture Input, Com- 
pare/PWM 
Output 
P1.5/CEX5 
PCA Module 2 Capture Input, Com- 
pare/PWM 
Output 
P1.6/CEX6 
PCA Module 3 Capture Input, Com- 
pare/PWM 
Output 
P1.7/CEX7 
PCA Module 4 Capture Input, Com- 
pare/PWM 
Output 


P2.0/A8- 
P2.7/AI5 


P3.01RXD 
P3.I/TXD 
P3.2/1NTO 
P3.3/1NT 
P3.4/TO 


P3.5/TI 
P3.6/WR 
P3.7/RD 


High Byte of Address for External 
Memory 


Serial Port Input 
Serial Port Output 
External Interrupt 0 
External Interrupt 
1 
Timer 0 External Clock Input 
Timer 1 External Clock Input 
Write Strobe for External Memory 
Read Strobe for External Memory 


ADDR/DATA 


CONTROL 


INT. BUS 


WRITE 
TO 
LATCH 


INT. BUS 


WRITE 
TO 
LATCH 


ALTERNATE 
OUTPUT 
FUNCTION 


WRITE 
TO 
LATCH 


VCC 


INTERNAL 
PULL-UP* 


P3.X 
PIN 


ALTERNATE 
INPUT 
FUNCTION 


AD DR 


CONTROL 


Also shown in Figure 2 is that if a PI or P3 latch 
contains a I, then the output level is controlled by the 
signal labeled "alternate output function." The actual 
pin level is always available to the pin's alternate input 
function, if any. 


Ports 1, 2, and 3 have internal pullups. Port 0 has open 
drain outputs. Each I/O line can be independently used 
as an input or an output (Ports 0 and 2 may not be used 
as general purpose I/O when being used as the AD- 
DRESS/DATA 
BUS). To be used as an input, the port 
bit latch must contain a 1, which turns off the output 
driver FET. On Ports I, 2, and 3, the pin is pulled high 
by the internal pullup, but can be pulled low by an 
external source. 


Port 0 differs from the other ports in not having inter- 
nal pullups. The pullup FET in the PO output driver 
(see Figure 2) is used only when the Port is emitting Is 
during external memory accesses. Otherwise the pullup 
FET is off. Consequently POlines that are being used as 
output port lines are open drain. Writing a 1 to the bit 
latch leaves both output FETs off, which floats the pin 
and allows it to be used as a high-impedance input. 
Because Ports 1 through 3 have fixed internal pullups 
they are sometimes call "quasi-bidirectional" 
ports. 


When configured as inputs they pull high and will 
source current (IlL in the data sheets) when externally 
pulled low. Port 0, on the other hand, is considered 
"true" bidirectional, because it floats when configured 
as an input. 


All the port latches have Is written to them by the reset 
function. If a 0 is subsequently written to a port latch, it 
can be reconfigured as an input by writing a 1 to it. 


In the execution of an instruction 
that changes the 
value in a port latch, the new value arrives at the latch 
during State 6 Phase 2 of the final cycle of the instruc- 
tion. However, port latches are in fact sampled by their 
output buffers only during Phase I of any clock period. 
(During Phase 2 the output buffer holds the value it 
saw during the previous Phase I). Consequently, the 
new value in the port latch won't actually appear at the 
output pin until the next Phase 1, which will be at SIPI 
of the next machine cycle. Refer to Figure 3. For more 
information on internal timings refer to the CPU Tim- 
ing section. 
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f 
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If the change requires a O-to-l transition in Ports 1, 2, 
and 3, an additional pullup is turned on during SlPl 
and SlP2 of the cycle in which the transition occurs. 
This is done to increase the transition speed. The extra 
pullup can source about 100 times the current that the 
normal pullup can. The internal pullups are field-effect 
transistors, not linear resistors. The pull-up arrange- 
ments are shown in Figure 4. 


The pullup consists of three pFETs. 
Note that an 
n-channel FET (nFET) is turned on when a logical 1 is 
applied to its gate, and is turned off when a logical 0 is 
applied to its gate. A p-channel FET (PFET) is the 
opposite: it is on when its gate sees a 0, and off when its 
gate sees a 1. 


a 
FROM 
PORT 
LATCH 


pFET 1 in is the transistor that is turned on for 2 oscil- 
lator periods after a O-to-l transition in the port latch. 
A 1 at the port pin turns on pFET3 (a weak pull-up), 
through the invertor. This invertor and pFET form a 
latch which hold the 1. 


If the pin is emitting a 1, a negative glitch on the pin 
from some external source can turn off pFET3, causing 
the pin to go into a float state. pFET2 is a very weak 
pullup which is on whenever the nFET is off, in tradi- 
tional CMOS style. It's only about Y,0 the strength of 
pFET3. Its function is to restore a 1 to the pin in the 
event the pin had a 1 and lost it to a glitch. 


270653-5 
CHMOS Configuration. pFET 1 is turned on for 2 osc. periods after Q makes a 0-to-1 transition. During this time, pFET 1 
also turns on pFET 3 through the inverter to form a latch which holds the 1. pFET 2 is also on. Port 2 is similar except 
that it holds the strong pullup on while emitting 1s that are address bits. (See text, "Accessing External Memory".) 
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The output buffers of Ports I, 2, and 3 can each sink 
1.6 mA at 0.45 V. These port pins can be driven by 
open-collector and open-drain outputs although O-to-I 
transitions will not be fast since there is little current 
pulling the pin up. An input 0 turns off pullup pFET3, 
leaving only the very weak pullup pFET2 to drive the 
transition. 


In external bus mode, Port 0 output buffers can each 
sink 3.2 mA at 0.45 V. However, as port pins they 
require external pullups to be able to drive any inputs. 


See the latest revision of the data sheet for design-in 
information. 


Some instructions that read a port read the latch and 
others read the pin. Which ones do which? The instruc- 
tions that read the latch rather than the pin are the ones 
that read a value, possibly change it, and then rewrite it 
to the latch. These are called "read-modify-write" 
in- 
structions. Listed below are the read-modify-write in- 
structions. When the destination operand is a port, or a 
port bit, these instructions read the latch rather than 
the pin: 
ANL 
ORL 
XRL 
JBC 


CPL 
INC 
DEC 


(logical AND, e.g., ANL PI, A) 
(logical OR, e.g., ORL P2, A) 
(logical EX-OR, e.g., XRL P3, A) 
(jump if bit = I and clear bit, e.g., 
JBC Pl.1, LABEL) 
(complement bit, e.g., CPL P3.0) 
(increment, e.g., INC P2) 
(decrement, e.g., DEC P2) 


(decrement and jump if not zero, e.g., 
DJNZ P3, LABEL) 
(move carry bit to bit Y of Port X) 
(clear bit Y of Port X) 
(set bit Y of Port X) 


MOV,PX.Y,C 
CLRPX.Y 
SETBPX.Y 


It is not obvious that the last three instructions in this 
list are read-modify-write instructions, but they are. 
They read the port byte, all 8 bits, modify the addressed 
bit, then write the new byte back to the latch. 


The reason that read-modify-write instructions are di- 
rected to the latch rather than the pin is to avoid a 
possible misinterpretation 
of the voltage level at the 
pin. For example, a port bit might be used to drive the 
base of a transistor. When a I is written to the bit, the 
transistor is turned on. If the CPU then reads the same 
port bit at the pin rather than the latch, it will read the 
base voltage of the transistor and interpret it as a O. 
Reading the latch rather than the pin will return the 
correct value of I. 


Accesses to external memory are of two types: accesses 
to external Program Memory and accesses to external 
Data Mem~ccesses 
to external Program Memory 


use signal PSEN (program store enable) as the read 
strobe. Accesses to external Data Memory use RD or 
WR (alternate functions ofP3.7 and P3.6) to strobe the 
memory. Refer to Figures 5 through 7. 


Fetches from external Program Memory always use a 
16-bit address. Accesses to external Data Memory can 
use either a 16-bit address (MOVX 
@ DPTR) or an 
8-bit address (MOVX @ Ri). 
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Whenever a 16-bit address is used, the high byte of the 
address comes out on Port 2, where it is held for the 
duration of the read or write cycle. The Port 2 drivers 
use the strong pullups during the entire time that they 
are emitting address bits that are Is. This occurs when 
the MOVX 
@ DPTR instruction is executed. During 
this time the Port 2 latch (the Special Function Regis- 
ter) does not have to contain Is, and the contents of the 
Port 2 SFR are not modified. If the external memory 
cycle is not immediately followed by another external 
memory cycle, the undisturbed contents of the Port 2 
SFR will reappear in the next cycle. 


If an 8-bit address is being used (MOVX 
@ Ri), the 
contents of the Port 2 SFR remain at the Port 2 pins 
throughout 
the external memory cycle. In this case, 
Port 2 pins can be used to page the external data mem- 
ory. 


In either case, the low byte of the address is time-multi- 
plexed with the data byte on Port O.The ADDRESS/ 
DATA signal drives both FETs in the Port 0 output 
buffers. Thus, in external bus mode the Port 0 pins are 
not open-drain outputs and do not require external. 
pullups. 
The 
ALE 
(Address 
Latch 
Enable) 
signal 
should be used to capture the address byte into an ex- 
ternal latch. The address byte is valid at the negative 
transition of ALE. Then, in a write cycle, the data byte 
to be written appears on Port 0 just before WR is acti- 
vated, and remains there until after WR is deactivated. 
In a read cycle, the incomin~te 
is accepted at Port 0 
just before the read strobe (RD) is deactivated. 


During any access to external memory, the CPU writes. 
OFFH to the Port 0 latch (the Special Function Regis- 
ter), thus obliterating the information in the Port 0 
SFR. Also, a MOV PO instruction must not take place 
during external memory accesses. If the user writes to 
Port 0 during an external memory fetch, the incoming 
code byte is corrupted. Therefore, do not write to Port 
o if external program memory is used. 


External Program Memory is accessed under two con- 
ditions: 
1. Whenever signal EA is active, or 
2. Whenever the program counter (PC) contains an ad- 
dress greater than IFFFH (8K) for the 8XC51FA or 
3FFFH (16K) for the 8XC51FB. 


This requires that the ROMless versions have EA wired 
to Vss enable the lower 8K or 16K program bytes to be 
fetched from external memory. 


When the CPU is executing out of external Program 
Memory, all g bits of Port 2 are dedicated to an output 
function and may not be used for general purpose I/O. 
During external program fetches they output the high 
byte of the PC with the Port 2 drivers using the strong 
pullups to emit bits that are Is. 


The 8XC51FA/FB 
has three 16-bit Timer/Counters: 


Timer 0, Timer I, and Timer 2. Each consists of two 
8-bit registers, THx and TLx, (x = 0, I, and 2). All 
three can be configured to operate either as timers or 
event counters. 


In the Timer function, the TLx register is incremented 
every machine cycle. Thus one can think of it as count- 
ing machine cycles. Since a machine cycle consists of 12 
oscillator periods, the count rate is 1/12 of the oscilla- 
tor frequency. 


In the Counter function, the register is incremented in 
response to a I-to-O transition at its corresponding ex- 
ternal input pin-TO, 
Tl, or T2. In this function, the 
external input is sampled during S5P2 of every machine 
cycle. When the samples show a high in one cycle and a 
low in the next cycle, the count is incremented. The 
new count value appears in the register during S3PI of 
the cycle following the one in which the transition was 
detected. Since it takes 2 machine cycles (24 oscillator 
periods) to recognize a I-to-O transition, the maximum 
count rate is '/24 of the oscillator frequency. There are 
no restrictions on the duty cycle of the external input 
signal, but to ensure that a given level is sampled at 
least once before it changes, it should be held for at 
least one full machine cycle. 


In addition to the Timer or Counter selection, Timer 0 
and Timer 1 have four operating modes from which to 
select: Modes 0 - 3. Timer 2 has three modes of opera- 
tion: Capture, Auto-Reload, and Baud Rate Generator. 


The Timer or Counter function is selected by control 
bits cif in the Special Function Register TMOD (Ta- 
ble 4). These two Timer/Counters 
have four operating 
modes, which are selected by bit-pairs (Ml, MO) in 
TMOD. Modes 0, I, and 2 are the same for both Tim- 
er/Counters. 
Mode 3 operation is different for the two 
timers. 


Either Timer 0 or Timer 1 in Mode 0 is an 8-bit Coun- 
ter with a divide-by-32 prescaler. Figure g shows the 
Mode 0 operation for either timer. 


In this mode, the Timer register is configured as a 
13-bit register. As the count rolls over from all Is to all 
Os, it sets the Timer interrupt flag TFx. The counted 
input is enabled to the Timer when TRx = 1and either 
GATE = 0 or INTx = 1. (Setting GATE = 1 allows 
the Timer to be controlled by external input INTx, to 
facilitate pulse width measurements). TRx and TFx are 
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control bits in SFR TCON (Table 5). The GATE bit is 
in TMOD. There are two different GATE bits, one for 
Timer 1 (TMOD.7) and one for Timer 0 (TMOD.3). 


The 13-bit register consists of all 8 bits of THx and the 
lower 5 bits of TLx. The upper 3 bits of TLx are inde- 
terminate and should be ignored. Setting the run flag 
(TRx) does not clear these registers. 


Mode 2 configures the Timer register as an 8-bit Coun- 
ter (TLx) with automatic reload, as shown in Figure 10. 
Overflow from TLx not only sets TFx, but also reloads 
TLx with the contents of THx, which is preset by soft- 
ware. The reload leaves THx unchanged. 


Mode 1 is the same as Mode 0, except that the Timer 
register uses all 16bits. Refer to Figure 9. In this mode, 
THx and TLx are cascaded; there is no prescaler. 


Symbol 


GATE 


Function 


Gating control when set. Timer/Counter 
0 or 1 is enabled 
only while INTO or INT1 pin 
is high and TAO or TA1 control 
pin is set. When cleared. Timer 0 or 1 is enabled 
whenever 
TAO or TA1 control 
bit is set. 


Timer or Counter Selector. 
Clear for Timer operation 
(input from internal system 


clock). Set for Counter operation 
(input from TO or T1 input pin). 


M1 
MO 
Operating Mode 
o 
0 
8-bit Timer/Counter. 
THx with TLx as 5-bit prescaler. 
o 
1 
16-bit Timer/Counter. 
THx and TLx are cascaded; 
there is no prescaler. 
1 
0 
8-bit auto-reload 
Timer/Counter. 
THx holds a value which is to be reloaded 
into TLx 
each time it overflows. 
(Timer 0) TLO is an 8-bit Timer/Counter 
controlled 
by the standard 
Timer 0 control 
bits. THO is an 8-bit timer only controlled 
by Timer 1 control 
bits. 


(Timer 1) Timer/Counter 
stopped. 


Figure 8. Timer/Counter 0 or 11nMode 0: 13·Bit Counter 
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Symbol 


TF1 


TR1 


TFO 


TRO 


IE1 


Function 


Timer 1 overflow 
Flag. Set by hardware 
on Timer/Counter 
overflow. 
Cleared by 
hardware 
when processor 
vectors 
to interrupt 
routine. 


Timer 1 Run control 
bit. Set/cleared 
by software 
to turn Timer/Counter 
1 on/off. 


Timer 0 overflow 
Flag. Set by hardware 
on Timer/Counter 
0 overflow. 
Cleared by 
hardware 
when processor 
vectors 
to interrupt 
routine. 


Timer 0 Run control 
bit. Set/cleared 
by software 
to turn Timer/Counter 
0 on/off. 


Interrupt 
1 flag. Set by hardware 
when external 
interrupt 
1 edge is detected 
(transmitted 
or level-activated). 
Cleared when interrupt 
processed 
only if transition- 


activated. 


Interrupt 
1 Type control 
bit. Set/cleared 
by software 
to specify falling edge/low 
level 
triggered 
external 
interrupt 
1. 


Interrupt 
0 flag. Set by hardware 
when external 
interrupt 0 edge is detected 
(transmitted 
or level-activated). 
Cleared when interrupt 
processed 
only if transition- 


activated. 


Interrupt 0 Type control 
bit. Set/cleared 
by software 
to specify falling edge/low 
level 
triggered 
external 
interrupt 
O. 


Timer I in Mode 3 simply holds its count. The effect is 
the same as setting TRI 
= O. 


a timer function 
(counting 
machine 
cycles) and takes 


over the use ofTRI 
and TFI from Timer 
1. Thus THO 


now controls 
the Timer 
I interrupt. 


Timer 
0 in Mode 3 establishes 
TLO and THO as two 


separate 
counters. 
The logic for Mode 3 on Timer 0 is 


shown in Figure 
II. TLO uses the Timer 0 control bits: 


elf, GATE, 
TRO, INTO, and TFO. THO is locked into 


Mode 3 is provided 
for applications 
requiring 
an extra 


8-bit timer 
or counter. 
When Timer 
0 is in Mode 
3, 


Timer I can be turned on and off by switching it out of 
and into its own Mode 3, or can still be used by the 
serial port as a baud rate generator, 
or in any applica- 


tion not requiring 
an interrupt. 
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Timer 2 is a l6-bit Timer/Counter 
which can operate 
either as a timer or as an event counter. This is selected 
by bit C/T2 in the Special Function Register T2CON 
(Table 7). It has three operating modes: capture, auto- 
reload (up or down counting), and baud rate generator. 
The modes are selected by bits in T2CON as shown in 
Table 6. 


RCLK + TCLK 
CP/RL2 
TR2 
Mode 


0 
0 
1 
16-Bit Auto-Reload 
0 
1 
1 
16-Bit Capture 
1 
X 
1 
Baud Rate Generator 
X 
X 
0 
(Off) 


Symbol 


TF2 


TR2 
C/T2 


Bit Addressable 
I 
TF2 
I EXF2 


Bit 
7 
6 


C/T2 
ICP/RL21 


1 
0 


RCLK 


5 


TCLK 
I EXEN2! 
TR2 


4 
3 
2 


Function 


Timer 2 overflow 
flag set by a Timer 2 overflow 
and must be cleared 
by software. 
TF2 will 
not be set when either RCLK = 1 or TCLK = 1. 
Timer 2 external 
flag set when either a capture or reload is caused by a negative 
transition 
on T2EX and EXEN2 = 1. When Timer 2 interrupt 
is enabled 
EXF2 = 1 will cause the CPU 
to vector to the Timer 2 interrupt 
routine. EXF2 must be cleared 
by software. 
EXF2 does not 
cause an interrupt 
in up/down 
counter 
mode (DCEN = 1). 
Receive 
clock flag. When set, causes the serial port to use Timer 2 overflow 
pulses for its 
receive clock in serial port Modes 1 and 3. RCLK = 0 causes Timer 1 overflow 
to be used 
for the receive clock. 
Transmit 
clock flag. When set, causes the serial port to use Timer 2 overflow 
pulses for its 
transmit 
clock in serial port Modes 
1 and 3. TCLK = 0 causes Timer 1 overflows 
to be used 
for the transmit 
clock. 


Timer 2 external 
enable flag. When set, allows a capture or reload to occur as a result of a 
negative 
transition 
on T2EX if Timer 2 is not being used to clock the serial port. EXEN2 = 0 
causes Timer 2 to ignore events at T2EX. 
Start/stop 
control 
for Timer 2. A logic 1 starts the timer. 
Timer or counter 
select. (Timer 2) 
o = Internal timer (OSC/12 
or OSC/2 
in baud rate generator 
mode). 
1 = External event counter 
(falling edge triggered). 
Capture/Reload 
flag. When set, captures 
will occur on negative 
transitions 
at T2EX if 
EXEN2 = 1. When cleared, auto-reloads 
will occur either with Timer 2 overflows 
or 
negative transitions 
at T2EX when EXEN2 = 1. When either RCLK = 1 or TCLK = 1, this 
bit is ignored and the timer is forced to auto-reload 
on Timer 2 overflow. 


In the capture mode there are two options selected by 
bit EXEN2 in T2CON. If EXEN2 = 0, Timer 2 is a 


16-bit timer or counter which upon overflow sets bit 
TF2 in T2CON. This bit can then be used to generate 
an interrupt. If EXEN2 = I, Timer 2 still does the 
above, but with the added feature that a I-to-o tran- 


Figure 12.Timer 2 In Capture Mode 
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sition at external input T2EX causes the current value 
in the Timer 2 registers, TH2 and TL2, to be captured 
into registers RCAP2H and RCAP2L, respectively. In 
addition, the transition at T2EX causes bit EXF2 in 
T2CON to be set. The EXF2 bit, like TF2, can generate 
an interrupt. The capture mode is illustrated in Figure 
12. 


AUTO·RELOAD 
MODE 
(UP OR DOWN 
COUNTER) 


Timer 2 can be programmed to count up or down when 
configured in its 16-bit auto-reload mode. This feature 
is invoked by a bit named DCEN (Down Counter En- 
able) located in the SFR T2MOD (see Table 8). Upon 
reset the DCEN 
bit is set to 0 so that 
Timer 2 


will default to count up. When DCEN is set, Timer 2 
can count up or down depending on the value of the 
T2EX pin. 


Figure 13 shows Timer 2 automatically counting up 
when DCEN = O.In this mode there are two options 
selected by bit EXEN2 in T2CON. If EXEN2 
= 0, 


Timer 2 counts up to OFFFFH and then sets the TF2 
bit upon overflow. The overflow also causes the timer 
registers 
to be reloaded 
with 
the 
16-bit value in 


RCAP2H and RCAP2L. The values in RCAP2H and 
RCAP2L are preset by software. If EXEN2 = I, a 16- 
bit reload can be triggered either by an overflow or by a 
I-to-O transition at external input T2EX. This tran- 
sition also sets the EXF2 bit. Either the TF2 or EXF2 
bit can generate the Timer 2 interrupt if it is enabled. 


T2MOD 
Address 
= OC9H 
Reset Value = XXXX XXXOB 


Not Bit Addressable 


I 
I 
DCEN 


Bit 
7 
6 
5 
4 
3 
2 
0 


Symbol 
Function 


Not implemented, 
reserved 
for future use.· 


When set, this bit allows Timer 2 to be configured 
as an up/down 
counter. 


'NOTE: 
User software 
should 
not write 
1s to reserved 
bits. These 
bits may be used in future 
8051 family 
products 
to invoke 


new features. 
In that case, the reset or inactive 
value of the new bit will be 0, and its active 
value will be 1. The value 


read from a reserved 
bit is indeterminate. 
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Setting the DCEN bit enables Timer 2 to count up or 
down as shown in Figure 14. In this mode the T2EX 
pin controls the direction of count. A logic 1 at T2EX 
makes Timer 2 count up. The timer will overflow at 
OFFFFH and set the TF2 bit which can then generate 
an interrupt if it is enabled. This overflow also causes a 
the 16-bit value in RCAP2H and RCAP2L to be re- 
loaded into the timer registers, TH2 and TL2, respec- 
tively. 


A logic 0 at T2EX makes Timer 2 count down. Now 
the timer underflows when TH2 and TL2 equal the 
values stored in RCAP2H and RCAP2L. The under- 
flow sets the TF2 bit and causes OFFFFH to be reload- 
ed into the timer registers. 


The EXF2 bit toggles whenever Timer 2 overflows or 
underflows. This bit can be used as a 17th bit of resolu- 
tion if desired. In this operating mode, EXF2 does not 
generate an interrupt. 


The baud rate generator mode is selected by setting the 
RCLK and/or TCLK bits in T2CON. Timer 2 in this 
mode will be described in conjunction with the serial 
port. 


6.0 
PROGRAMMABLE 
COUNTER 
ARRAY 


The Programmable Counter Array (PCA) consists of a 
16-bit timer/counter 
and five 16-bit compare/capture 


modules as shown in Figure 15. The PCA timer/coun- 
ter serves as a common time base for the five modules 
and is the only timer which can service the PCA. Its 
clock input can be programmed to count anyone of the 
following signals: 
• oscillator frequency .;- 12 
• oscillator frequency .;- 4 


• Timer 0 overflow 
• external input on ECI (p1.2). 


Each compare/capture 
module can be programmed in 
anyone of the following modes: 


• rising and/or falling edge capture 


• software timer 
• high speed output 
• pulse width modulator. 


Module 4 can also be programmed as a watchdog tim- 
er. 


When the compare/capture 
modules are programmed 
in the capture mode, software timer, or high speed out- 
put mode, an interrupt can be generated when the mod- 
ule executes its function. All five modules plus the PCA 
timer overflow share one interrupt vector (more about 
this in the PCA Interrupt section). 


_ t 
C/T2 = 1 
T2P1Nu--' 


COUNT 
DIRECTION 
1 = UP 
0= 
DOWN 
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The PCA timer/counter and compare/capture 
modules 
share Port 1 pins for external I/O. These pins are listed 
below. If the port pin is not used for the PCA, it can 
still be used for standard I/O. 


PCA Component 
16-bit Counter 
16-bit Module 0 
16·bit Module 
1 
16-bit Module 2 
16·bit Module 3 
16·bit Module 4 


External I/O Pin 
P1.2/ 
ECI 
P1.3 / CEXO 
P1.4/ 
CEX1 
P1.5 / CEX2 
P1.6/ 
CEX3 
P1.7 / CEX4 


The PCA has a free-running 16-bit timer/counter 
con- 
sisting of registers CH and CL (the high and low bytes 
of the count value). These two registers can be read or 
written to at any time. Figure 16 shows a block dia- 


roSC/12 
roSC/_ 
TI~ER 0 
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EXTERNAL 
INPUT 
(ECI) 


CIOL 


PROCESSOR IN 
IOLE ~OOE 


gram of this timer. The clock input can be selected 
from the following four modes: 
• Oscillator frequency -;- 12 
The PCA timer increments once per machine cycle. 
With a 16 MHz crystal, the timer increments every 
750 nanoseconds. 
• Oscillator frequency -;- 4 
The PCA timer increments three times per machine 
cycle. With a 16 MHz crystal, the timer increments 
every 250 nanoseconds. 


• Timer 0 overflows 
The PCA timer increments whenever Timer 0 over- 
flows. This mode allows a programmable input fre- 
quency to the PCA. 


• External input 
The PCA timer increments when a I-to-O transi- 
tion is detected on the ECI pin (P1.2). The max- 
imum input frequency in this mode is oscillator 
frequency -;- 8. 


The mode register CMOD contains the Count Pulse 
Select bits (CPSI and CPSO)to specify the clock input. 
CMOD is shown in Table 9. This register also contains 
the ECF bit which enables the PCA counter overflow 
to generate the PCA interrupt. In addition, the user has 
the option of turning off the PCA timer during Idle 
Mode by setting the Counter Idle bit (CIDL). 
The 


Watchdog Timer Enable bit (WDTE) will be discussed 
in a later section. 


The CCON register, shown in Table 10, contains two 
more bits which are associated with the PCA timer/ 
counter. The CF bit gets set by hardware when the 
counter overflows, and the CR bit is set or cleared to 
turn the counter on or off. The other five bits in this 
register are the event flags for the compare/capture 
modules and will be discussed in the next section. 


Not Bit Addressable 
I CIDL I-W-DT-EI_~_~ 
__ 


Bij 
7 
6 
5 


CPS1 
CPSO 


2 


ECF 
o 


CPS1 
CPSO 


Counter Idle control: CIDL = 0 programs the PCACounter to continue functioning during 
idle Mode. CIDL = 1 programs it to be gated off during idle. 
Watchdog Timer Enable:WDTE = 0 disables Watchdog Timer function on PCA Module 4. 
WDTE = 1 enables it. 


Not implemented, reserved for future use.' 
PCACount Pulse Select bit 1. 
PCA Count Pulse Select bit o. 
CPS1 
CPSO SelectedPCAInput" 
o 
0 
Internal clock, Fosc.;- 12 
o 
1 
Internal clock, Fosc.;- 4 
1 
0 
Timer 0 overflow 
1 
1 
External clock at ECI/P1.2 pin (max. rate = Fosc.;- 8) 
PCA Enable Counter Overflow interrupt: ECF = 1 enables CF bit in CCON to generate an 
interrupt. ECF = 0 disables that function of CF. 


NOTE: 
'User software should not write1s to reserved bits. These bits may be used infuture 8051 familyproducts to invoke 
new features. Inthat case, the reset or inactivevalue of the new bitwillbe 0, and its active value willbe 1. The value 
read froma reserved bit is indeterminate. 
"Fosc 
= oscillatorfrequency 


inter 


Symbol 


CF 


Bit Addressable 


I 
CF 
I==CR===== 


Bit 
7 
6 


CCF4 
CCF3 
4 
3 


CCF2 
CCF1 


2 


CCFO 


o 


Function 


PCA Counter Overflow 
flag. Set by hardware 
when the counter 
rolls over. CF flags an 
interrupt 
if bit ECF in CMOD is set. CF may be set by either hardware 
or software 
but can 
only be cleared 
by software. 


PCA Counter 
Run control 
bit. Set by software 
to turn the PCA counter 
on. Must be cleared 
by software 
to turn the PCA counter off. 


Not implemented, 
reserved 
for future use·. 


PCA Module 4 interrupt flag. Set by hardware 
when a match or capture occurs. 
Must be 
cleared 
by software. 


PCA Module 3 interrupt flag. Set by hardware 
when a match or capture occurs. 
Must be 
cleared 
by software. 


PCA Module 2 interrupt flag. Set by hardware 
when a match or capture occurs. 
Must be 
cleared 
by software. 


PCA Module 
1 interrupt 
flag. Set by hardware 
when a match or capture occurs. 
Must be 
cleared 
by software. 


PCA Module 0 interrupt 
flag. Set by hardware 
when a match or capture occurs. 
Must be 
cleared 
by software. 


·NOTE: 
User software should not write 1s to reserved bits. These bits may be used in future 8051 familyproducts to invoke 
new features. Inthat case, the reset or inactivevalue of the new bitwillbe 0, and its active value willbe 1. The value 
read froma reserved bitis indeterminate. 


Each of the five compare/capture 
modules has six pos- 
sible functions it can perform: 
16-bit Capture, positive-edge triggered 
- 
16-bit Capture, negative-edge triggered 
- 
16-bit Capture, 
both positive and negative-edge 
triggered 


16-bit Software Timer 
16-bit High Speed Output 
8-bit Pulse Width Modulator. 


In addition, module 4 can be used as a Watchdog Tim- 
er. The modules can be programmed in any combina- 
tion of the different modes. 


Each module has a mode register called CCAPMn 
(n = 0, I, 2, 3, or 4) to select which function it will 
perform. The CCAPMn register is shown in Table 11. 
Note the ECCFn bit which enables the PCA interrupt 


when a module's event flag is set. The event flags 
(CCFn) are located in the CCON register and get set 
when a capture event, software timer, or high speed 
output event occurs for a given module. 


Table 
12 shows the 
combinations 
of bits 
in the 
CCAPMn register that are valid and have a defined 
function. Invalid combinations will produce undefined 
results. 


Each module also has a pair of 8-bit compare/capture 
registers (CCAPnH and CCAPnL) associated with it. 
These registers store the time when a capture event oc- 
curred or when a compare event should occur. For the 
PWM mode, the high byte regiser CCAPnH controls 
the duty cycle of the waveform. 


The next five sections describe each of the compare/ 
capture modes in detail. 


intJ 


CCAPMn 
Address 
CCAPMO 
ODAH 
(n = 0-4) 
CCAPM1 
ODBH 
CCAPM2 
ODCH 
CCAPM3 
ODDH 
CCAPM4 
ODEH 
Not Bit Addressable 
------ 
I 
IECOMn I CAPPn I CAPNn I MATn 


B~ 
7 
6 
5 
4 
3 


TOGn I PWMn I ECCFn I 


210 


Symbol 
Function 


Not implemented, 
reserved 
for future use'. 


Enable Comparator. 
ECOMn = 1 enables the comparator 
function. 


Capture Positive, CAPPn = 1 enables 
positive edge capture. 


Capture Negative, 
CAPNn = 1 enables 
negative 
edge capture. 


Match. When MATn = 1, a match of the PCA counter with this module's 
compare/capture 
register causes the CCFn bit in CCON to be set, flagging 
an interrupt. 


Toggle. When TOGn = 1, a match of the PCA counter 
with this module's 
compare/capture 
register causes the CEXn pin to toggle. 


Pulse Width Modulation 
Mode. PWMn = 1 enables the CEXn pin to be used as a pulse width 
modulated 
output. 


Enable CCF interrupt. 
Enables compare/capture 
flag CCFn in the CCON register to generate 
an interrupt. 


ECOMn 


CAPPn 


CAPNn 


MATn 


NOTE: 
'User software should not write 1s to reserved bits. These bits may be used in future 8051 family products to invoke 
new features. In that case,the reset or inactive value of the new bit will be 0, and its active value will be 1. The value 
read from a reserved bit is indeterminate. 


- 
ECOMn CAPPn CAPNn 
MATn 
TOGn 
PWMn ECCFn 
Module Function 


X 
0 
0 
0 
0 
0 
0 
0 
No operation 


X 
X 
1 
0 
0 
0 
0 
X 
16-bit capture by a postive-edge trigger on CEXn 


X 
X 
0 
1 
0 
0 
0 
X 
16-bit capture by a negative-edge trigger on CEXn 


X 
X 
1 
1 
0 
0 
0 
X 
16-bit capture by a transition on CEXn 


X 
1 
0 
0 
1 
0 
0 
X 
16-bit Software Timer 


X 
1 
0 
0 
1 
1 
0 
X 
16-bit High Speed Output 


X 
1 
0 
0 
0 
0 
1 
0 
8·bitPWM 


X 
1 
0 
0 
1 
x 
0 
x 
Watchdog Timer 


Both positive and negative transitions can trigger a cap- 
ture with the PCA. This gives the PCA the flexibility to 
measure periods, pulse widths, duty cycles, and phase 
differences on up to five separate inputs. Setting the 
CAPPn and/or CAPNn in the CCAPMn mode register 
select the input trigger-positive 
and/or negative tran- 
sition-for 
module n. Refer to Figure 17. 


The external input pins CEXO through CEX4 are sam- 
pled for a transition. When a valid transition is detected 
(positive and/or 
negative edge), hardware loads the 
16-bit value of the PCA timer (CH, CL) into the mod- 
ule's capture registers (CCAPnH, CCAPnL). The re- 
sulting value in the capture registers reflects the PCA 
timer value at the time a transition was detected on the 
CEXn pin. 


Upon a capture, the module's event flag (CCFn) in 
CCON is set, and an interrupt is flagged if the ECCFn 
bit in the mode register CCAPMn is set. The PCA in- 
terrupt will then be generated if it is enabled. Since the 
hardware does not clear an event flag when the inter- 
rupt is vectored to, the flag must be cleared in software. 


In the interrupt service routine, the l6-bit capture value 
must be saved in RAM before the next capture event 
occurs. A subsequent capture on the same CEXn pin 
will write over the first capture value in CCAPnH and 
CCAPnL. 


In the compare mode, the l6-bit value of the PCA tim- 
er is compared with a 16-bit value pre-loaded in the 
module's compare registers (CCAPnH, CCAPnL). The 
comparison occurs three times per machine cycle in 
order to recognize the fastest possible clock input (i.e. 
V. x oscillator frequency). Setting the ECOMn bit in 
the mode register CCAPMn enables the comparator 
function as shown in Figure 18. 


For the Software Timer mode, the MATn bit also needs 
to be set. When a match occurs between the PCA timer 
and the compare registers, a match signal is generated 
and the module's event flag (CCFn) is set. An interrupt 
is then flagged if the ECCFn bit is set. The PCA inter- 
rupt is generated only if it has been properly enabled. 
Software must clear the event flag before the next inter- 
rupt will be flagged. 


inter 


During the interrupt routine, a new 16-bit compare val- 
ue can be written to the compare registers (CCAPnH 
and 
CCAPnL). 
Notice, 
however, that 
a 
write to 
CCAPnL clears the ECOMn bit which temporarily dis- 
ables the comparator function 
while these registers are 
being updated so an invalid match does not occur. A 
write to CCAPnH sets the ECOMn bit and re-enables 
the comparator. For this reason, user software should 
write to CCAPnL first, then CCAPnH. 


6.5 
High Speed Output Mode 


The High Speed Output (HSO) mode toggles a CEXn 
pin when a match occurs between the PCA timer and a 
pre-loaded value in a module's compare registers. For 
this mode, the TOGn bit needs to be set in addition to 
the ECOMn and MATn bits as seen in Figure 18. By 
setting or clearing the pin in software, the user can 
select whether the CEXn pin will change from a logical 
o to a logical I or vice versa. The user also has the 
option of flagging an interrupt when a match event oc- 
curs by setting the ECCFn bit. 


The HSO mode is more accurate than toggling port 
pins in software 
because the 
toggle occurs 
before 
branching to an interrupt. 
That is, interrupt 
latency 
will not effect the accuracy of the output. If the user 
does not change the compare registers in an interrupt 
routine, the next toggle will occur when the PCA timer 
rolls over and matches the last compare value. 


A Watchdog Timer is a circuit that automatically in- 
vokes a reset unless the system being watched sends 
regular hold-off signals to the Watchdog. These circuits 
are used in applications that are subject to electrical 
noise, power glitches, electrostatic discharges, etc., or 
where high reliability is required. 


The Watchdog Timer function is only available on 
PCA module 4. In this mode, every time the count in 
the PCA timer matches the value stored in module 4's 
compare registers, an internal reset is generated. (See 
Figure 19.) The bit that selects this mode is WDTE in 
the CMOD register. Module 4 must be set up in either 
compare mode as a Software Timer or High Speed Out- 
put. 


To hold off the reset, the user has three options: 
(I) periodically change the compare value so it will 
never match the PCA timer, 
(2) periodically change the PCA timer value so it will 
never match the compare value, 
(3) disable the Watchdog by clearing the WDTE bit 
before a match occurs and then later re-enable it. 


The first two options are more reliable because the 
Watchdog Timer is never disabled as in option 113. The 
second option is not recommended if other PCA mod- 
ules are being used since this timer is the time base for 
all five modules. Thus, in most applications the first 
solution is the best option. 


If a Watchdog Timer is not needed, module 4 can still 
be used in other modes. 


RESET 


WRITE TO 
CCAPnL 


WRITE TO 
CCAPnH 
··1" 


inter 


Any or all of the five PCA modules can be pro- 
grammed to be a Pulse Width Modulator. The PWM 
output can be used to convert digital data to an analog 
signal by simple external circuitry. The frequency of the 
PWM depends on the clock sources for the PCA timer. 
With a 16 MHz crystal the maximum frequency of the 
PWM waveform is 15.6 KHz. 


The PCA generates 8-bit PWMs by comparing the low 
byte of the PCA timer (CL) with the low byte of the 
module's compare registers (CCAPnL). Refer to Figure 
20. When CL < CCAPnL the output is low. When CL 
2 CCAPnL the output is high. The value in CCAPnL 
controls the duty cycle of the waveform. To change the 
value in CCAPnL 
without output glitches, the user 
must write to the high byte register (CCAPnH). This 
value is then shifted by hardware into CCAPnL when 
CL rolls over from OFFH to OOHwhich corresponds to 
the next period of the output. 


RESET 


WRITE TO 
CCAP4L 


WRITE TO 
CCAP4H 
"1" 


CL "AOE 
FF TO 00 
TRANSITION 


inter 


CCAPnH 
can contain 
any integer from 0 to 255 to vary 
the duty cycle from a 100% to 0.4% 
(see Figure 
21). A 
0% 
duty 
cycle can be obtained 
by writing 
directly 
to 
the port pin with the CLR bit instruction. 


The serial 
port 
is full duplex, 
meaning 
it can transmit 
and receive 
simultaneously. 
It is also receive-butTered, 
meaning 
it can commence 
reception 
of a second 
byte 
before 
a previously 
received 
byte 
has been 
read 
from 
the 
receive 
register. 
(However, 
if the 
first 
byte 
still 
hasn't 
been 
read 
by the time 
reception 
of the 
second 
byte 
is complete, 
one 
of the 
bytes 
will be lost). 
The 
serial 
port 
receive 
and 
transmit 
registers 
are both 
ac- 
cessed through 
Special Function 
Register 
SBUF. 
Actu- 
ally, SBUF 
is two separate 
registers, 
a transmit 
butTer 
and a receive butTer. Writing 
to SBUF 
loads the trans- 
mit 
register, 
and 
reading 
SBUF 
accesses 
a physically 
separate 
receive 
register. 


The serial port control 
and status 
register 
is the Special 
Function 
Register 
SCON, 
shown in Table 
13. This reg- 
ister contains 
the mode 
selection 
bits (SMO and SMl); 
the SM2 bit for the multiprocessor 
modes 
(see Multi- 
processor 
Communications 
section); 
the 
Receive 
En- 
able bit (REN); 
the 9th data bit for transmit 
and receive 
(TB8 
and RB8); 
and the serial 
port 
interrupt 
bits (TI 
and RI). 


Mode 
0: Serial 
data 
enters 
and 
exits 
through 
RXD. 


TXD 
outputs 
the shift clock. 
8 bits are transmitted/re- 
ceived: 8 data bits (LSB flfSt). The baud rate is fixed at 
1/12 the oscillator 
frequency. 


Mode 
1: 10 bits are transmitted 
(through 
TXD) 
or re- 
ceived (through 
RXD): 
a start bit (0), 8 data bits (LSB 
first), 
and a stop bit (1). On receive, 
the stop bit goes 
into 
RB8 
in Special 
Function 
Register 
SCON. 
The 
baud 
rate is variable. 


Mode 
2: 11 bits are transmitted 
(through 
TXD) 
or re- 
ceived (through 
RXD): 
a start bit (0), 8 data bits (LSB 
first), 
a programmable 
9th data 
bit, and a stop bit (1). 


Refer to Fiugre 
22. On Transmit, 
the 9th data bit (TB8 
in SCON) 
can be assigned 
the value of 0 or 1. Or, for 
example, 
the parity 
bit (P in the PSW) could be moved 
into TB8. On receive, 
the 9th data bit goes into RB8 in 
SCON, 
while the stop 
bit is ignored. 
(The 
validity 
of 


the stop bit can be checked 
with Framing 
Error 
Detec- 


tion.) 
The baud 
rate is programmable 
to either 
'132 or 
'I•• the oscillator 
frequency. 


Figure 22. Data Frame: Modes 1,2 and 3 
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Mode 3: 11 bits are transmitted (through TXD) or re- 
ceived (through RXD): a start bit (0), 8 data bits (LSB 
first), a programmable 9th data bit and a stop bit (1). In 
fact, Mode 3 is the same as Mode 2 in all respects 
except the baud rate. The baud rate in Mode 3 is vari- 
able. 


In all four modes, transmission is initiated by any in- 
struction that uses SBUF as a destination register. Re- 
ception is initiated in Mode 0 by the condition RI = 0 
and REN 
= 1. Reception is initiated in the other 
modes by the incoming start bit if REN = 1. For more 
detailed information on each serial port mode, refer to 
the "Hardware 
Description 
of the 8051, 8052, and 
8OC51." 


Framing Error Detection allows the serial port to check 
for valid stop bits in modes 1,2, or 3. A missing stop bit 
can be caused, for example, by noise on the serial lines, 
or transmission by two CPUs simultaneously. 


If a stop bit is missing, a Framing Error bit FE is set. 
The FE bit can be checked in software after each recep- 
tion to detect communication errors. Once set, the FE 
bit must be cleared in software. A valid stop bit will not 
clear FE. 


The FE bit is located in SCON and shares the same bit 
address as SMO.Control bit SMODO in the PCON reg- 
ister (location PCON.6) determines whether the SMO 
or FE bit is accessed. If SMODO = 0, then accesses to 
SCON.? are to SMO. If SMODO = I, then accesses to 
SCON.? are to FE. 


Modes 2 and 3 provide a 9-bit mode to facilitate multi- 
processor comunication. The 9th bit allows the control- 
ler to distinguish between address and data bytes. The 
9th bit is set to 1 for address bytes and set to 0 for data 
bytes. When receiving, the 9th bit goes into RB8 in 
SCON. When transmitting, 
TB8 is set or cleared in 


software. 


The serial port can be programmed such that when the 
stop bit is received the serial port interrupt will be acti- 
vated only if the received byte is an address byte (RB8 
= 1). This feature is enabled by setting the SM2 bit in 
SCON. A way to use this feature in multiprocessor sys- 
tems is as follows. 


When the master processor wants to transmit a block of 
data to one of several slaves, it first sends out an ad- 
dress byte which identifies the target slave. Remember, 
an address byte has its 9th bit set to I, whereas a data 


byte has its 9th bit set to O. All the slave processors 
should have their SM2 bits set to 1 so they will only be 
interrupted by an address byte. In fact, the 8XC51FAI 
FB has an Automatic 
Address Recognition 
feature 


which allows only the addressed slave to be interrupted. 
That is, the address comparison occurs in hardware, 
not software. (On the 8051 serial port, an address byte 
interrupts all slaves for an address comparison.) 


The addressed slave then clears its SM2 bit and pre- 
pares to receive the data bytes that will be coming. The 
other slaves are unaffected by these data bytes. They 
are still waiting to be addressed since their SM2 bits are 
all set. 


Automatic Address Recognition reduces the CPU time 
required to service the serial port. Since the CPU is 
only interrupted when it receives its own address, the 
software overhead to compare addresses is eliminated. 
With this feature enabled in one of the 9-bit modes, the 
Receive Interrupt (RI) flag will only get set when the 
received byte corresponds to either a Given or Broad- 
cast address. 


The feature works the same way in the 8-bit mode 
(Mode 1) as in the 9-bit modes, except that the stop bit 
takes the place of the 9th data bit. If SM2 is set, the RI 
flag is set only if the received byte matches the Given or 
Broadcast Address and is terminated by a valid stop 
bit. Setting the SM2 bit has no effect in Mode o. 


The master can selectively communicate with groups of 
slaves by using the Given Address. Addressing 
all 


slaves at once is possible with the Broadcast Address. 
These addresses are dermed for each slave by two Spe- 
cial Function Registers: SADDR and SADEN. 


A slave's individual address is specified in SADDR. 
SADEN is a mask byte that defines don't-cares to form 
the Given Address. These don't-cares allow flexibility 
in the user-defined protocol to address one or more 
slaves at a time. The following is an example of how the 
user could define Given Addresses to selectively ad- 
dress different slaves. 


SADDR 
1111 
0001 
SADEN 
1111 
1010 
GIVEN 
1111 
OXOX 


Slave 2: 
SADDR 
1111 
0011 


SADEN 
1111 
1001 


GIVEN 
1111 
OXX1 


Symbol 
FE 


SMO 


SM1 


Bit Addressable 


ISMO/FEI-SM-1- 


Bit: 
7 
6 
(SMODO = 0/1)" 


SM2 


5 


REN 


4 


TB8 


3 


RB8 


2 


Function 


Framing Error bit. This bit is set by the receiver when an invalid stop bit is detected. 
The FE 
bit is not cleared 
by valid frames but should be cleared 
by software. 
The SMODO" bit must be 
set to enable access to the FE bit. 


Serial Port Mode Bit 0, (SMODO must = 0 to access bit SMO) 


Serial Port Mode Bit 1 
SMO 
SM1 
Mode 
Description 
Baud Rate"" 
o 
0 
0 
shift register 
Fosc/12 
o 
1 
1 
8-bit UART 
variable 
1 
0 
2 
9-bit UART 
Fosc/64 
or Fosc/32 
1 
1 
3 
9-bit UART 
variable 


Enables the Automatic 
Address 
Recognition 
feature in Modes 2 or 3. If SM2 = 1 then RI will 
not be set unless the received 
9th data bit (RB8) is 1, indicating 
an address, 
and the received 
byte is a Given or Broadcast 
Address. 
In Mode 1, if SM2 = 1 then RI will not be activated 
unless a valid stop bit was received, 
and the received 
byte is a Given or Broadcast 
Address. 


In Mode 0, SM2 should be O. 


Enables serial reception. 
Set by software 
to enable reception. 
Clear by software 
to disable 
reception. 


The 9th data bit that will be transmitted 
in Modes 2 and 3. Set or clear by software 
as 
desired. 


In modes 2 and 3, the 9th data bit that was received. 
In Mode 1, if SM2 = 0, RB8 is the stop 
bit that was received. 
In Mode 0, RB8 is not used. 


Transmit 
interrupt 
flag. Set by hardware 
at the end of the 8th bit time in Mode 0, or at the 
beginning 
of the stop bit in the other modes, in any serial transmission. 
Must be cleared 
by 
software. 


Receive 
interrupt 
flag. Set by hardware 
at the end of the 8th bit time in Mode 0, or halfway 
through the stop bit time in the other modes, in any serial reception 
(except see SM2). Must 
be cleared 
by software. 


NOTE: 
"SMODO is located at PCON6. 
"Fosc = oscillatorfrequency 


The SADEN byte are selected such that each slave can 
be addressed separately. Notice that bit I (LSB) is a 
don't-care for Slave I's Given Address, but bit I = I 
for Slave 2. Thus, to selectively communicate with just 
Slave I the master must send an address with bit I = 0 
(e.g. 1111ססOO). 


Similarly, bit 2 = 0 for Slave I, but is a don't-care for 
Slave 2. Now to communicate with just Slave 2 an ad- 
dress with bit 2 = I must be used (e.g. 1111 0111). 


Finally, for a master to communicate with both slaves 
at once the address must have bit I = I and bit 2 = O. 


Notice, however, that bit 3 is a don't-care for both 
slaves. This allows two different addresses to select 
both slaves (1111 0001 or 1111 0101). If a third slave 
was added that required its bit 3 = 0, then the latter 
address could be used to communicate with Slave I and 
2 but not Slave 3. 


The master can also communicate with all slaves at 
once with the Broadcast Address. It is formed from the 
logical OR of the SADDR and SADEN registers with 
zeros defined as don't-cares. The don't-cares also allow 


inter 


flexibility in defining the Broadcast Address, but in 
most applications -a Broadcast Address will be OFFH. 


SADDR and SADEN are located at address A9H and 
B9H, respectively. On reset, the SADDR and SADEN 
registers are initialized to OOHwhich defines the Given 
and Broadcast Addresses as XXXX XXXX (all don't- 
cares). This assures the 8XC5IFA/FB 
serial port to be 
backwards compatibility with other MCS@-51products 
which do not implement Automatic Addressing. 


M d 0 B 
d R 
OscillatorFrequency 
o e 
au 
ate = 
12 


The baud rate in Mode 2 depends on the value of bit 
SMODI 
in 
Special 
Function 
Register 
PCON. 
If 
SMODI 
= 0 (which is the value on reset), the baud 


rate is '164 the oscillator frequency. IfSMODI 
= I, the 


baud rate is '/32 the oscillator frequency. 


M d 
SMOD1 OscillatorFrequency 
o e 2 Baud Rate = 2 
x 
64 


The baud rates in Modes I and 3 are determined by the 
Timer I overflow rate, or by Timer 2 overflow rate, or 
by both (one for transmit and the other for receive). 


7.5 Using Timer 1 to Generate Baud 
Rates 


When Timer I is used as the baud rate generator, the 
baud rates in Modes I and 3 are determined by the 
Timer I overflow rate and the value of SMODI as fol- 
lows: 


Modes 1 and 3 = 2SMOD1x Timer1OverflowRate 
BaudRate 
32 


The Timer I interrupt should be disabled in this appli- 
cation. The Timer itself can be configured for either 
"timer" or "counter" 
operation, and in any of its 3 


running modes. In most applications, it is configured 
for "timer" operation in the auto-reload mode (high 
nibble of TMOD = OOIOB).In this case, the baud rate 
is given by the formula: 


Modes 1 and 3 
2SMOD1x OscillatorFrequency 
BaudRate 
32 x 12 x [256 - (TH1») 


One can achieve very low baud rates with Timer 1 by 
leaving the Timer 1 interrupt enabled, and configuring 
the Timer to run as a 16-bit timer (high nibble of 
TMOD = OOOIB),and using the Timer 1 interrupt to 
do a 16-bit software reload. 


Table 14 lists various commonly used baud rates and 
how they can be obtained from Timer 1. 


7.6 Using Timer 2 to Generate Baud 


Rates 


Timer 2 is selected as the baud rate generator by setting 
TCLK and/or RCLK in T2CON (Table 7). Note that 
the baud rates for transmit and receive can be simulta- 
neously different. Setting RCLK and/or 
TCLK puts 


Timer 2 into its baud rate generator mode, as shown in 
Figure 23. 


The baud rate generator mode is similar to the auto-re- 
load mode, in that a rollover in TH2 causes the Timer 2 
registers to be reloaded with the 16-bit value in registers 
RCAP2H and RCAP2L, which are preset by software. 


Timer 
1 
Baud Rate 
fose 
SMOD 
Reload 
elf 
Mode 
Value 


Mode 0 Max: 1 MHz 
12 MHz 
X 
X 
X 
X 
Mode 2 Max: 375K 
12 MHz 
1 
X 
X 
X 
Modes 1, 3: 62.5K 
12 MHz 
1 
0 
2 
FFH 
19.2K 
11.059 MHz 
1 
0 
2 
FDH 
9.6K 
11.059 MHz 
0 
0 
2 
FDH 
4.8K 
11.059 MHz 
0 
0 
2 
FAH 
2.4K 
11.059 MHz 
0 
0 
2 
F4H 
1.2K 
11.059 MHz 
0 
0 
2 
E8H 
137.5 
11.986 MHz 
0 
0 
2 
1DH 
110 
6MHz 
0 
0 
2 
72H 
110 
12 MHz 
0 
0 
1 
FEEBH 


inter 


The baud rates in Modes 1 and 3 are determined by 
Timer 2's overflow rate as follows: 


Timer2 OverflowRate 
Modes 1 and 3 Baud Rates = 
16 


The Timer can be configured for either "timer" 
or 
"counter" operation. In most aE£lications, it is config- 
ured for "timer" operation (C1T2 = 0). The "Timer" 
operation is different for Timer 2 when it's being used 
as a baud rate generator. Normally, as a timer, it incre- 
ments every machine cycle (1112 the oscillator frequen- 
cy). As a baud rate generator, however, it increments 
every state time ('/. the oscillator frequency). The baud 
rate formula is given below: 


Modes 1 and 3 
OscillatorFrequency 
BaudRate 
32 x [65536 - (RCAP2H,RCAP2L)] 


where 
(RCAP2H, 
RCAP2L) 
is 
the 
content 
of 
RCAP2H 
and RCAP2L 
taken as a 16-bit unsigned 
integer. 


Timer 2 as a baud rate generator is shown in Figure 23. 
This figure is valid only if RCLK and/or TCLK = 1 in 
T2CON. Note that a rollover in TH2 does not set TF2, 
and will not generate an interrupt. Therefore, the Timer 
2 interrupt does not have to be disabled when Timer 2 
is in the baud rate generator mode. Note too, that if 
EXEN2 is set, a I-to-O transition in T2EX will set 


EXF2 but will not cause a reload from (RCAP2H, 


. RCAP2L) to (TH2, TL2). Thus when Timer 2 is in use 
as a baud rate generator, T2EX can be used as an extra 
external interrupt, if desired. 


It should be noted that when Timer 2 is running (TR2 
= 1) in "timer" function in the baud rate generator 
mode, one should not try to read or write TH2 or TL2. 
Under these conditions the Timer is being incremented 
every state time, and the results of a read or write may 
not be accurate. The RCAP2 registers may be read, but 
shouldn't be written to, because a write might overlap a 
reload and cause write and/or reload errors. The timer 
should be turned off (clear TR2) before accessing the 
Timer 2 or RCAP2 registers. 


Table 15 lists commonly used baud rates and how they 
can be obtained from Timer 2. 
Table 15. Timer 2 Generated 
Commonly 
Used Baud Rates 


Baud 
Osc 
Timer 
2 
Rate 
Freq 
RCAP2H 
RCAP2L 


375K 
12 MHz 
FF 
FF 
9.6K 
12 MHz 
FF 
D9 
4.8K 
12 MHz 
FF 
82 
2.4K 
12 MHz 
FF 
64 
1.2K 
12 MHz 
FE 
C8 
300 
12 MHz 
F8 
1E 
110 
12 MHz 
F2 
AF 
300 
6MHz 
FD 
8F 
110 
6MHz 
F9 
57 


EllEN2 
LNOTE "VAll.AIlLITY 
OF "1lDlTlON"L 
EXTERNAL 
INTERRUPT 


inter 


All of the bits that generate interrupts can be set or 
cleared by software, with the same result as though it 
had been set or cleared by hardware. That is, interrupts 
can be generated or pending interrupts can be cancelled 
in software. 


The 8XC5IFA/FB 
has a total of 7 interrupt vectors: 
two external interrupts (INTO and INTI), three timer 
interrupts (Timers 0, I, and 2), the PCA interrupt, and 
the serial port interrupt. These interrupts are all shown 
in Figure 24. 
Each of these interrupts will be briefly described fol- 
lowed by a discussion of the interrupt enable bits and 
the interrupt priority levels. 


Cf~ECf 


~:,----------D 


Tf2 
D 
EXf2'---------- 


inter 


External Interrupts INTO and INTI can each be either 
level-activated 
or transition-activated, 
depending 
on 
bits ITO and IT! in register TCON. If ITx = 0, exter- 
nal interrupt x is triggered by a detected low at the 
INTx pin. If ITx = I, external interrupt x is negative 
edge-triggered. The flags that actually generate these 
interrupts are bits lEO and lEI in TCON. These flags 
are cleared by hardware when the service routine is 
vectored to only if the interrupt was transition-activat- 
ed. If the interrupt was level-activated, then the exter- 
nal requesting source is what controls the request flag, 
rather than the on-chip hardware. 


Since the external interrupt pins are sampled once each 
machine cycle, an input high or low should hold for at 
least 12 oscillator periods to ensure sampling. If the 
external interrupt is transition-activated, 
the external 
source has to hold the request pin high for at least one 
cycle, and then hold it low for at least one cycle to 
ensure that the transition is seen so that interrupt re- 
quest flag lEx will be set. lEx will be automatically 
cleared by the CPU when the service routine is called. 


If external interrupt INTO or INTI is level-activated, 
the external source has to hold the request active until 
the requested interrupt is actually generated. Then it 
has to deactivate the request before the interrupt serv- 
ice routine is completed, or else another interrupt will 
be generated. 


Timer 0 and Timer I Interrupts are generated by TFO 
and TFI in register TCON, which are set by a rollover 
in their respective Timer/Counter 
registers (except see 
Timer °in Mode 3). When a timer interrupt is generat- 
ed, the flag that generated it is cleared by the on-chip 
hardware when the service routine is vectored to. 


Timer 2 Interrupt is generated by the logical OR of bits 
TF2 and EXF2 in register T2CON. Neither of these 
flags is cleared by hardware when the service routine is 
vectored to. In fact, the service routine may have to 
determine whether it was TF2 or EXF2 that generated 
the interrupt, 
and the bit will have to be cleared in 
software. 


The PCA interrupt is generated by the logical OR of 
CF, CCFO, CCFI, CCF2, CCF3, and CCF4 in register 
CCON. None of these flags is cleared by hardware 
when the service routine is vectored to. Normally the 
service routine will have to determine which bit flagged 
the interrupt and clear that bit in software. The PCA 
interrupt is enabled by bit EC in the Interrupt Enable 
register (see Table 16). In addition, the CF flag and 
each of the CCFn flags must also be enabled by bits 
ECF and ECCFn in registers CMOD and CCAPMn 
respectively, in order for that flag to be able to cause an 
interrupt. 


The serial port interrupt is generated by the logical OR 
of bits RI and TI in register SCON. Neither of these 
flags is cleared by hardware when the service routine is 
vectored to. The service routine will normally have to 
determine whether it was RI or TI that generated the 
interrupt, and the bit will have to be cleared in soft- 
ware. 


Each of these interrupt sources can be individually en- 
abled or disabled by setting or clearing a bit in the 
Interrupt 
Enable (IE) register. (See Table 16.) Note 
that IE also contains a global disable bit, EA. If EA is 
set (I), the interrupts are individually enabled or dis- 
abled by their corresponding bits in IE. If EA is clear 
(0), all interrupts are disabled. 


Each interrupt 
source can also be individually pro- 
grammed to one of two priority levels, by setting or 
clearing a bit in the Interrupt 
Priority (IP) register 
shown in Table 17. A low-priority interrupt can itself 
be interrupted by a higher priority interrupt, but not by 
another low-priority interrupt. A high priority inter- 
rupt cannot 
be interrupted 
by any other interrupt 
source. 


intJ 


Symbol 


EA 


EC 
ET2 


ES 
ET1 
EX1 
ETO 
EXO 


Bit Addressable 
I 
EA 
I 
EC 
I 
ET2 I 
ES I 
ET1 
EX1 
ETO 
EXO 


Bit 
7 
6 
5 
4 
3 
2 
1 
0 
Enable Bit = 1 enables the interrupt. 
Enable Bit = 0 disables it. 


Function 


Global disable bit. If EA = 0, all Interrupts are disabled. If EA = 1, each Interrupt can be 
individually enabled or disabled by setting or clearing its enable bit. 
PCA Interrupt enable bit. 
Timer 2 Interrupt enable bit. 
Serial Port Interrupt enable bit. 
Timer 1 Interrupt enable bit. 
External Interrupt 1 enable bit. 
Timer 0 Interrupt enable bit. 
External Interrupt 0 enable bit. 


Bit Addressable 


I 
Ippc~pxo 


Bit 
7 
6 
5 
4 
3 
2 
1 
0 
Priority Bit == 1 assigns high priority 
Priority Bit = 0 assigns low priority 


Symbol 
Function 


Not implemented, reserved for future use.• 
PPC 
PCA Interrupt priority bit. 


PT2 
Timer 2 Interrupt priority bit. 


PS 
Serial Port Interrupt priority bit. 


PT1 
Timer 1 Interrupt priority bit. 


PX1 
External Interrupt 1 priority bit. 


PTO 
Timer 0 Interrupt priority bit. 


PXO 
External Interrupt 0 priority bit. 


NOTE: 
'User 
software 
should 
not write 
1s to reserved 
bits. These 
bits may be used in future 
8051 family 
products 
to invoke 
new features. 
In that case, the reset or inactive 
value of the new bit will be 0, and its active value will be 1. The value 


read from a reserved 
bit is indeterminate. 


intJ 


If two requests of different priority levels are received 
simultaneously, the request of higher priority level is 
serviced. If requests of the same priority level are re- 
ceived simultaneously, an internal polling sequence de- 
termines which request is serviced. Thus within each 
priority level there is a second priority structure deter- 
mined by the polling sequence shown in Table 18. 


Note that the "priority within level" structure is only 
used to resolve simultaneous 
requests of the same priori- 


ty level. 


Table 18. Interrupt Priority 
within Level Polling Sequence 


1 (Highest) 
2 
3 
4 
5 
6 
7 (Lowest) 


INTO 
Timer 0 
INT1 
Timer 1 
peA 


Serial Port 
Timer 2 


How Interrupts 
are Handled 


The interrupt flags are sampled at S5P2 of every ma- 
chine cycle. The samples are polled during the follow- 
ing machine cycle. The Timer 2 interrupt 
cycle is 


slightly different, as described in the Response Time 
section. If one of the flags was in a set condition at 
S5P2 of the preceding cycle, the polling cycle will find 
it and the interrupt system will generate an LCALL to 
the appropriate 
service routine, provided this hard- 


ware-generated LCALL is not blocked by any of the 
following conditions: 
I. An interrupt of equal or higher priority level is al- 


ready in progress. 


2. The current (polling) cycle is not the final cycle in 


the execution of the instruction in progress. 


3. The instruction in progress is RETI or any write to 


the IE or IP registers. 


Any of these three conditions will block the generation 
of the LCALL to the interrupt service routine. Condi- 
tion 2 ensures that the instruction in progress will be 
completed before vectoring to any service routine. Con- 
dition 3 ensures that if the instruction in progress is 
RETI or any write to IE or IP, then at least one more 
instruction will be executed before any interrupt is vec- 
tored to. 


The polling cycle is repeated with each machine cycle, 
and the values polled are the values that were present at 
S5P2 of the previous machine cycle. If the interrupt 
flag for a level-sensitive 
external interrupt is active but 


not being responded to for one of the above conditions 
and is not still active when the blocking condition is 
removed, the denied interrupt will not be serviced. In 
other words, the fact that the interrupt flag was once 
active but not serviced is not remembered. Every poll- 
ing cycle is new. 


The polling cycle/LCALL 
sequence is illustrated in 


Figure 25. 


Note that if an interrupt of a higher priority level goes 
active prior to S5P2 of the machine cycle labeled C3 in 
Figure 25, then in accordance with the above rules it 
will be vectored to during C5 and C6, without any in- 
struction of the lower priority routine having been exe- 
cuted. 


········---C1 
• I • 
C2---'---- 
ISSP21 
58 
I 


........~,--"""--_._--- 
.._------ 
J;1 
'-----'--- 


E 
INTERRUPTS 
ARE POLLED 


INTERRUPT 
INTERRUPT 
GOES 
LATCHED 
ACTIVE 


• I 
C3 
-,- 
C4 
• I. 
CS-_· 
•••• 


'\, 
'\1 
A 
.•.. 
" 
~ 
..... 


LONG 
CALL 
TO 
INTERRUPT 
ROUTINE 
INTERRUPT 
VECTOR 
ADDRESS 


270653-22 
This is the fastest possible response when C2 is the finalcycle of an instructionother than RETIor write IEor IP. 
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Thus the processor acknowledges an interrupt request 
by executing a hardware-generated LCALL to the ap- 
propriate 
servicing routine. The hardware-generated 
LCALL pushes the contents of the Program Counter 
onto the stack (but it does not save the PSW) and re- 
loads the PC with an address that depends on the 
source of the interrupt being vectored to, as shown in 
Table 19. 


Interrupt 
Interrupt. 
Cleared by 
Vector 
Source 
Request Bits 
Hardware 
Address 


INTO 
IEO 
No (level) 
0003H 
Yes (trans.) 


TIMER 0 
TFO 
Yes 
OOOBH 


INT1 
IE1 
No (level) 
0013H 
Yes (trans.) 


TIMER 1 
TF1 
Yes 
001BH 


SERIAL PORT 
RI, TI 
No 
0023H 


TIMER 2 
TF2, EXF2 
No 
002BH 


PCA 
CF, CCFn 
No 
0033H 
(n = 0-4) 


Execution proceeds from that location until the RETI 
instruction is encountered. The RETI instruction in- 
forms the processor that this interrupt 
routine is no 
longer in progress, then pops the top two bytes from the 
stack and reloads the Program Counter. Execution of 
the interrupted 
program continues from where it left 
off. 


Note that a simple RET instruction would also have 
returned execution to the interrupted program, put it 
would have left the interrupt control system thinking 
interrupt was still in progress. 


Note that the starting addresses of consecutive inter- 
rupt service routines are only 8 bytes apart. That means 
if consecutive interrupts are being used (IEO and TFO, 
for example, or TFO and lEI), and if the first interrupt 
routine is more than 7 bytes long, then that routine will 
have to execute a jump to some other memory location 
where the service routine can be completed without 
overlapping the starting address of the next interrupt 
routine. 


8.7 Response Time 


The INTO and INTI levels are inverted and latched 
into the Interrupt Flags IEO and lEI at S5P2 of every 
machine cycle. Similarly, the Timer 2 flag EXF2 and 
the Serial Port flags RI and TI are set at S5P2. The 
values are not actually polled by the circuitry until the 
next machine cycle. 


The Timer 0 and Timer I flags, TFO and TFI, are set at 
S5P2 of the cycle in which the timers overflow. The 
values are then polled by the circuitry in the next cycle. 
However, the Timer 2 flag TF2 is set at S2P2 and is 
polled in the same cycle in which the timer overflows. 


If a request is active and conditions are right for it to be 
acknowledged, a hardware subroutine call to the re- 
quested service routine will be the next instruction to be 
executed. The call itself takes two cycles. Thus, a mini- 
mum of three complete machine cycles elapses between 
activation of an external interrupt request and the be- 
ginning of execution of the service routine's first in- 
struction. Figure 25 shows interrupt response timing. 


A longer response time would result if the request is 
blocked by one of the 3 previously listed conditions. If 
an interrupt of equal or higher priority level is already 
in progress, the additional wait time obviously depends 
on the nature of the other interrupt's service routine. If 
the instruction in progress is not in its final cycle, the 
additional wait time cannot be more than 3 cycles, since 
the longest instructions (MUL and DIV) are only 4 
cycles long, and if the instruction in progress is RETI 
or write to IE or IP, the additional wait time cannot be 
more than 5 cycles (a maximum of one or more cycle to 
complete the instruction in progress, plus 4 cycles to 
complete the next instruction if the instruction is MUL 
or DIV). 


Thus, in a single-interrupt system, the response time is 
always more than 3 cycles and less than 9 cycles. 


The reset input is the RST pin, which has a Schmitt 
Trigger input. A reset is accomplished by holding the 
RST pin high for at least two machine cycles (24 oscil- 
lator periods) while the oscillator is running. 
The CPU 
responds by generating an internal reset, with the tim- 
ing shown in Figure 26. 


The external reset signal is asynchronous to the internal 
clock. The RST pin is sampled during State 5 Phase 2 
of every machine cycle. The port pins, ALE, and PSEN 
will maintain their current activities for the 19 oscilla- 
tor periods after a logic 1 has been sampled at the RST 
pin; that is, for 19 to 31 oscillator periods after the 
external reset signal has been applied to the RST pin. 


inter 
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While the RST pin is high, the port pins, ALE and 
PSEN are weakly pulled high. After RST is pulled low, 
it will take I to 2 machine cycles for ALE and PSEN to 
start clocking. For this reason, other devices can not be 
synchronized to the internal timings of the 8XC5IFA/ 
FB. 


Driving the ALE and PSEN pins to 0 while reset is 
active could cause the device to go into an indetermi- 
nate state. 


The internal reset algorithm redefines all the SFRs. Ta- 
ble I lists the SFRs and their reset values. The internal 
RAM is not affected by reset. On power up the RAM 
content is indeterminate. 


valid reset the RST pin must be held high long enough 
to allow the oscillator to start up plus two machine 
cycles. 
For CHMOS devices, when VCC is turned on, an auto- 
matic reset can be obtained by connecting the RST pin 
to VCC through a I fJoFcapacitor (Figure 27). The 
CHMOS devices do not require an external resistor like 
the HMOS devices because they have an internal pull- 
down on the RST pin. 


On power up, Vcc should rise within approximately 
ten milliseconds. The oscillator start-up time will de- 
pend on the oscillator frequency. For a 10 MHz crystal, 
the start-up time is typically I msec. For a I MHz 
crystal, the start-up time is typically 10 msec. 
When power is turned on, the circuit holds the RST pin 
high for an amount of time that depends on the capaci- 
tor value and the rate at which it charges. To ensure a 


With the given circuit, reducing Vcc quickly to 0 caus- 
es the RST pin voltage to momentarily fall below OV. 
However, this voltage is internally limited and will not 
harm the device. 


Note that the port pins will be in a random state until the 
oscillator has started and the internal reset algorithm 
has written Is to them. 


Powering up the device without a valid reset could 
cause the CPU to start executing instructions from an 
indeterminate location. This is because the SFRs, spe- 
cifically the Program Counter, may not get properly 
initialized. 


10.0 
POWER-SAVING 
MODES OF 
OPERATION 


For applications where power consumption is critical, 
the 8XC51FA/FB provides two power reducing modes 
of operation: Idle and Power Down. The input through 
which backup power is supplied during these opera- 
tions is Vcc. Figure 28 shows the internal circuitry 
which implements these features. In the Idle mode 
(IDL = 1), the oscillator continues to run and the In- 
terrupt, Serial Port, PCA, and Timer blocks continue 
to be clocked, but the clock signal is gated off to the 
CPU. In Power Down (PD = 1), the oscillator is fro- 
zen. The Idle and Power Down modes are activated by 
setting bits in Special Function Register PCON (Table 
20). 


An instruction that sets PCON.O causes that to be the 
last instruction 
executed before going into the Idle 


~~ 
XTAL 
2 = 
XTAL 
1 


mode. In the Idle mode, the internal clock signal is 
gated off to the CPU, but not to the Interrupt, Timer, 
and Serial Port 
functions. 
The PCA 
can be pro- 


grammed either to pause or continue operating during 
Idle (refer to the PCA section for more details). The 
CPU status is preserved in its entirety: the Stack Point- 
er, Program Counter, Program Status Word, Accumu- 
lator, and all other registers maintain their data during 
Idle. The port pins hold the logical states they had at 
the time Idle was activated. ALE and PSEN hold at 
logic high levels. 


There are two ways to terminate the Idle Mode. Activa- 
tion of any enabled interrupt will cause PCON.O to be 
cleared by hardware, terminating the Idle mode. The 
interrupt will be serviced, and following RETI the next 
instruction to be executed will be the one following the 
instruction that put the device into Idle. 


The flag bits (GFO and GFl) 
can be used to give an 


indication if an interrupt occurred during normal oper- 
ation or during Idle. For example, an instruction that 
activates Idle can also set one or both flag bits. When 
Idle is terminated by an interrupt, the interrupt service 
routine can examine the flag bits. 


The other way of terminating the Idle mode is with a 
hardware reset. Since the clock oscillator is still run- 
ning, the hardware reset needs to be held active for only 
two machine cycles (24 oscillator periods) to complete 
the reset. 


The signal at the RST pin clears the IDL bit directly 
and asynchronously. At this time the CPU resumes 
program execution from where it left off; that is, at the 
instruction 
following the one that invoked the Idle 


Mode. As shown in Figure 26, two or three machine 
cycles of program execution may take place before the 


INTERRUPT, 
SERIAL 
PORT, 


TIMER 
BLOCKS 


Symbol 


SMOD1 


GF1 


GFO 
PO 


IDL 


Not Bit Addressable 
ISMOD1 ISMODO I 


Bit 
7 
6 


POF 


4 


GF1 


3 


GFO 


2 


Function 


Double Baud rate bit. When set to a 1 and Timer 1 is used to generate 
baud rates, and the 
Serial Port is used in modes 
1, 2, or 3. 


When set, Read/Write 
accesses 
to SCON.7 are to the FE bit. When clear, Read/Write 
accesses 
to SCON.7 are to the SMO bit. 


Not implemented, 
reserved 
for future use. • 


Power Off Flag. Set by hardware 
on the rising edge of Vcc. Set or cleared 
by software. 
This 
flag allows detection 
of a power failure caused reset. Vcc must remain above 3V to retain 
this bit. 


General-purpose 
flag bit. 


General-purpose 
flag bit. 


Power Down bit. Setting this bit activates 
Power Down operation. 


Idle mode bit. Setting this bit activates 
idle modes operation. 
If 1s are written to PO and IDL at the same time, PO takes precedence. 


internal reset algorithm takes control. On-chip hard- 
ware inhibits access to the internal RAM during this 
time, but access to the port pins is not inhibited. To 
eliminate the possibility of unexpected outputs at the 
port pins, the instruction following the one that invokes 
Idle should not be one that writes to a port pin or to 
external Data RAM. 


An instruction that sets PCON.l causes that to be the 
last instruction executed before going into the Power 
Down mode. In this mode the on-chip oscillator is 
stopped. 
With 
the clock frozen, all functions 
are 
stopped, but the on-chip RAM and Special Function 
Registers ate held. The port pins output the values held 
by their respective SRFs, and ALE and PSEN output 
lows. In Power Down Vcc can be reduced to as low as 
2V. Care must be taken, however, to ensure that Vcc is 
not reduced before Power Down is invoked. 


The 8XC5lFAIFB 
can exit Power Down with either a 
hardware reset or external interrupt. Reset redefines all 
the SFRs but does not change the on-chip RAM. An 
external interrupt allows both the SFRs and the on- 
chip RAM to retain their values. 


NOTE: 
'User software should not write 1s to unimplementedbits. These bits may be used in future 8051 familyproducts to 
invoke new features. In that case, the reset or inactivevalue of the new bit willbe 0, and its active value willbe 1. 
The value read froma reserved bit is indeterminate 


To properly terminate Power Down the reset or exter- 
nal interrupt 
should not be executed before Vcc 
is 
restored to its normal operating level and must be held 
active long enough for the oscillator to restart and sta- 
bilize (normally less than 10 msec). 


With an external interrupt, INTO or INTI must be en- 
abled and configured as level-sensitive. Holding the pin 
low restarts the oscillator and bringing the pin back 
high completes the exit. After the RETI instruction is 
executed in the interrupt service routine, the next in- 
struction will be the one following the instruction that 
put the device in Power Down. 


The Power Off Flag (pOF) is set by hardware when 
Vcc rises from 0 to 5 Volts. POF can also be set or 
cleared by software. This allows the user to distinguish 
between a "cold start" reset and a "warm start" reset. 


A cold start reset is one that is coincident with Vcc 
being turned on to the device after it was turned off. A 
warm start reset occurs while Vcc is still applied to the 
device and could be generated, 
for example, by a 
Watchdog Timer or an exit from Power Down. 
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Immediately after reset, the user's software can check 
the status of the POF bit. POF = 1 would indicate a 
cold start. The software then clears POF and com- 
mences its tasks. POF = 0 immediately after reset 
would indicate a warm start. 


The 87C51FA/FB 
uses the fast "Quick-Pulse" 
pro- 


gramming™ 
algorithm. The devices program at Vpp 


-= 12.75V (and VCC = 5.0V) using a series of twenty- 
five 100 J.l.s PROG pulses per byte programmed. This 
results in a total programming time of approximately 
26 seconds for the 87C51FA's 8K bytes and approxi- 
mately 50 seconds for the 87C51FB's 16K bytes. 


11.1 Two-Level 
Program Memory 
Lock 


In some microcontroller applications it is desirable that 
the Program Memory be secure from software piracy. 
The 8XC51FA/FB 
has a two-level program lock fea- 
ture which protect the code of the on-chip EPROM or 
ROM. The two-level scheme consists of a 32-byte en- 
cryption array and two lock bits. 


Encryption Array: Within the EPROM/ROM 
are 32 
bytes of Encryption 
Array that are initially unpro- 
grammed (all l's). The user can program the Encryp- 
tion Array to encrypt the program code bytes during 
EPROM/ROM 
verification. The verification proce- 
dure is performed as usual except that each code byte 
comes out exclusive-NOR'ed (XNOR) with one of the 
key bytes. Therefore, to read the ROM code the user 
has to know the 32 key bytes in their proper sequence. 


Unprogrammed bytes have the value OFFH. So if the 
Encryption Array is left unprogrammed, 
all the key 
bytes have the value OFFH. Since any code byte 
XNORed with OFFH leaves the byte unchanged, leav- 
ing the Encryption Array unprogrammed in effect by- 
passes the encryption feature. 


Program 
Lock Bits: Also included in the Program 
Lock scheme are two Lock Bits which can be pro- 
grammed as shown in Table 21. 


Erasing the EPROM also erases the Encryption Array 
and the Lock Bits, returning the part to full functionali- 
ty. 


Exposure to Light: The EPROM window must be cov- 
ered with an opaque label when the device is in opera- 
tion. This is not so much to protect the EPROM array 
from inadvertent erasure, but to protect the RAM and 
other on-ehip logic. Allowing light to impinge on the 
silicon die while the device is operating can cause logi- 
cal malfunction. 


Program 
Lock Bits 
Logic Enabled 


LB1 
LB2 


U 
U 
No Program Lock features 
enabled. 
(Code Verify will still be 
encrypted 
by the Encryption 
Array.) 


P 
U 
MOVC instructions 
executed 
from 
external 
program 
memory are 
disabled from fetching 
code bytes 
from internal memory, 
EA is 
II 
sampled 
and latched on reset, 
and futher programming 
of 
EPROM is disabled. 


P 
P 
Same as above, but Verify is also 
disabled 
(option available 
on 
EPROM only) 


U 
P 
Reserved 
for Future Definition 


The ONCE (ON-Circuit Emulation) mode facilitates 
testing and debugging of systems using the 8XC51FA/ 
FB without having to remove the device from the cir- 
cuit. The ONCE mode is invoked by: 
1. Pulling ALE low while the device is in reset and 
PSEN is high; 
2. Holding ALE low as RST is deactivated. 


While the device is in ONCE mode, the Port 0 pins go 
into a float state, and the other port pins, ALE, and 
PSEN are weakly pulled high. The oscillator circuit 
remains active. While the device is in this mode, an 
emulator or test CPU can be used to drive the circuit. 


Normal operation is restored after a valid reset is ap- 
plied. 


The on-chip oscillator for the CHMOS devices, shown 
in Figure 29, consists of a single stage linear inverter 
intended for use as a crystal-controlled, positive reac- 
tance oscillator. In this application the crystal is operat- 
ing in its fundamental response mode as an inductive 
reactance in parallel resonance with capacitance exter- 
nal to the crystal (Figure 30). 


The oscillator on the CHMOS devices can be turned off 
under software control by setting the PD bit in the 
PCON register. The feedback resistor Rf in Figure 29 
consists of paralleled n- and p-channel FETs controlled 
by 
the 
PD 
bit, 
such 
that 
Rf 
is 
opened 
when 


PD = I. The diodes D I and D2, which act as clamps 
to Vcc and Vss, are parasitic to the Rf FETs. 


The crystal specifications and capacitance values (CI 
and C2 in Figure 30) are not critical. 30 pF can be used 
in these positions at any frequency with good quality 
crystals. In general, crystals used with these devices 
typically have the following specifications: 
ESR (Equivalent Series Resistance) see Figure 32 
Co (shunt capacitance) 
7.0 pF maximum 
CL (load capacitance) 
30 pF ± 3 pF 
Drive Level 
I MW 


Frequency, tolerance, and temperature range are deter- 
mined by the system requirements. 


A ceramic resonator can be used in place of the crystal 
in cost-sensitive applications. When a ceramic resona- 


tor is used, CI and C2 are normally selected as higher 
values, typically 47 pF. The manufacturer of the ceram- 
ic resonator should be consulted for recommendations 
on the values of these capacitors. 


A more in-depth discussion of crystal specifications, ce- 
ramic resonators, and the selection of values for CI and 
C2 can be found in Application Note AP-155, "Oscilla- 
tors for Microcontrollers" 
in the Embedded Control 


Applications handbook. 


To drive the CHMOS parts with an external clock 
source, apply the external clock signal to XTALI and 
leave XTAL2 floating as shown in Figure 31. This is an 
important 
difference from the HMOS 
parts. 
With 


HMOS, the external clock source is applied to XTAL2, 
and XTALl is grounded. 


XTAL2·----- 


QUARTZ 
CRYSTAL 


OR CERAMIC 
RESONATOR 


Vss 


IOCS. 


EXTERNAL 


OSCtLLATOR t 
lIlGHAL 


Figure 31. Driving the CHMOS Parts 
with an External Clock Source 
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The internal clock generator defines the sequence of 
states that make up a machine cycle. A machine cycle 
consists of 6 states, numbered SI through S6. Each 
state time lasts for two oscillator periods. Thus a ma- 
chine cycle takes 12oscillator periods or I microsecond 
if the oscillator frequency is 12 MHz. Each state is then 
divided into a Phase I and Phase 2 half. 


Figure 3 and Figures 5 through 7 show when the vari- 
ous strobe and port signals are clocked internally. The 
figures do not show rise and fall times of the signals, 
nor do they show propagation 
delays between the 
XTALl signal and events at other pins. 


Rise and fall times are dependent on the external load- 
ing that each pin must drive. They are approximately 
10 nsec, measured between O.8Vand 2.0V. 


Propagation delays are different for different pins. For 
a given pin they vary with pin loading, temperature, 
Vcc, and manufacturing lot. If the XTAL I waveform 
is taken as the timing reference, propagation 
delays 
may vary from 25 to 125 nsec. 


The AC Timings section of the data sheets do not refer- 
ence any timing to the XTALI waveform. Rather, they 
relate the critical edges of control and input signals to 
each other. The timings published in the data sheets 
include the effects of propagation 
delays under the 
specified test condition. 


The following application notes provide supplemental 
information to this document and can be found in the 
Embedded 
Control Applications 
handbook. 


1. AP·125 
"Designing 
Microcontroller 
Systems for 
Electrically Noisy Environments" 
2. AP-155 "Oscillators for Microcontrollers" 
3. AP-252 "Designing with the 8OC51BH" 
4. AP-41O "Enhanced Serial Port on the 83C51FA" 
5. AP·415 "83C51FA/FB 
PCA Cookbook" 
6. AB-41 "Software Serial Port Implemented with the 
PCA" 
7. AP-425 "Small DC Motor Control" 
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83C51 FA/80C51 FA 
CHMOS SINGLE-CHIP 8-BIT MICROCOMPUTER 


83C51FA-8K 
Bytes of Factory Mask Programmable 
ROM 
80C51FA-CPU 
with RAM and I/O 
83C51FA/80C51FA-3.5 
MHz to 12 MHz, Vcc = 5V ± 10% 
83C51FA-1/80C51FA-1-3.5 
MHz to 16 MHz, Vcc = 5V ± 10% 
83C51 FA-2/80C51 FA-2-o.5 
MHz to 12 MHz, Vcc = 5V ± 10% 
• High Performance 
CHMOS 
EPROM 
• 7 Interrupt 
Sources 
• Three 
16-Blt Timer/Counters 
• Programmable 
Serial Channel 
with: 
- 
Timer 
2 is an Up/Down 
- 
Framing 
Error Detection 
Timer/Counter 
- 
Automatic 
Address 
Recognition 
• Programmable 
Counter 
Array with: 
• TTL and CMOS Compatible 
Logic 
- 
High Speed 
Output, 
Levels 
- 
Compare/Capture, 
• 64K External 
Program 
Memory 
Space 
- 
Pulse Width Modulator, 
- 
Watchdog 
Timer capabilities 
• 64K External 
Data Memory 
Space 
• Program 
Lock System 
• MCS@-51 Fully Compatible 
Instruction 


256 Bytes of On-Chip 
Data RAM 
Set 
• 
Boolean 
Processor 
• Power Saving Idle and Power 
Down 
• 
Modes 
• 32 Programmable 
I/O 
Lines 
• ONCETM (On-Circuit 
Emulation) 
Mode 


PROGRAM 
MEMORY: 
Up to 8K bytes of the program 
memory can reside in the on-chip 
ROM (83C51 FA only). 


In addition 
the device 
can address 
up to 64K of program 
memory 
external 
to the chip. 


DATA MEMORY: 
This microcontroller 
has a 256 x 8 on-chip 
RAM. In addition 
it can address up to 64K bytes of 
external 
data memory. 


The 
Intel 
83C51 FA is a single-chip 
control 
oriented 
microcontroller 
which 
is fabricated 
on Intel's 
reliable 
CHMOS 
III technology. 
Being a member 
of the 8051 family, the 83C51 FA uses the same powerful 
instruction 
set, has the same architecture, 
and is pin for pin compatible 
with the existing 
MCS-51 products. 
The 83C51 FA 


is an enhanced 
version of the 80C51 BH. It's added features 
make it an even more powerful 
microcontroller 
for 
applications 
that require Pulse Width Modulation, 
High Speed 
1/0, and upldown 
counting 
capabilities 
such as 
motor control. 
It also has a more versatile 
serial channel 
that facilitates 
multi-processor 
communications. 
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Part 
Prefix 
Package 
Type 


83C51FA 
P 
40-Pin Plastic DIP 
80C51FA 
D 
40-Pin CERDIP 
N 
44-Pin PLCC 


(T2) 
PLO 


(T2EX) 
Pl.l 


(ECI) Pl.2 


(CEXO) P1.3 


(CEX1) Pl.. 


(CEX2) Pl.5 


(CEX3) Pl.6 


(CEX.) 
Pl.7 


RE5ET 


(RXO) 
PM 


(TXO) P3.1 


(INTO) P3.2 


(INn) 
P3.3 


(TO) 
P3 .• 


(n) 
P3.5 


(Wil) 
P3.6 


(Ri5) 
P3.7 


XTAL2 


XTAl1 


Vss 


Vcc 


PO.O (AOO) 


PO.l (A01) 


PO.2 (A02) 


PO.3 (A03) 


PO.• 
(AD.) 


PO.5 (AD5) 


PO.6 (AD6) 


PO.7 (AD7) 


EA 


ALE 


PSEN 


P2.7 
(A15) 


P2.6 
(Al.) 


P2.5 
(A13) 


P2 .• 
(A12) 


P2.3 
(All) 


P2.2 
(AtO) 


P2.1 
(A9) 


P2.0 
(AB) 


270538-2 


Port 0: Port 0 is an 8-bit, open drain, bidirectional 
I/O 


port. As an output port each pin can sink several 
LS 


TTL inputs. Port 0 pins that have 1's written to them 
float, 
and in that state can be used as high-imped- 


ance inputs. 


Port 0 is also the multiplexed 
low-order 
address 
and 


data bus during 
accesses 
to external 
Program 
and 


Data Memory. 
In this application 
it uses strong inter- 


nal pullups 
when 
emitting1 's, and can 
source 
and 


sink several 
LS TTL inputs. 


Port 0 outputs 
the code bytes during program 
verifi- 


cation on the 83C51 FA. External pullup resistors 
are 


required 
during program 
verification. 


Port 1: Port 1 is an 8-bit bidirectional 
I/O 
port with 
internal 
pullups. 
The Port 1 output 
buffers 
can drive 


LS TTL inputs. 
Port 1 pins that have 
1's written 
to 


them are pulled 
high by the internal 
pull ups, and in 


that state can be used as inputs. 
As inputs, 
Port 1 


pins that are externally 
being pulled 
low will source 


current 
(IlL, on the data sheet) 
because 
of the inter- 


nal pull ups. 


In addition, 
Port 1 serves the functions 
of the follow- 


ing special features 
of the 83C51 FA: 


Port Pin 
Alternate 
Function 


P1.0 
T2 (External Count Input to Timer/ 
Counter 2) 


P1.1 
T2EX (Timer/Counter 
2 Capture/ 


Reload Trigger and Direction 
Control) 


P1.2 
ECI (External 
Count Input to the PCA) 


P1.3 
CEXO (External 
I/O for Compare/ 


Capture Module 0) 


P1.4 
CEX1 (External 
I/O for Compare/ 


Capture Module 
1) 


P1.5 
CEX2 (External 
I/O for Compare/ 


Capture Module 2) 


P1.6 
CEX3 (External 
I/O for Compare/ 


Capture Module 3) 


P1.7 
CEX4 (External 
I/O for Compare/ 


Capture Module 4) 


Port 1 receives 
the low-order 
address 
bytes during 


ROM verification. 


Port 2: Port 2 is an 8-bit bidirectional 
I/O 
port with 


internal 
pull ups. The Port 2 output 
buffers 
can drive 


LS TTL inputs. 
Port 2 pins that 
have 
1's written 
to 


them are pulled 
high by the internal 
pull ups, and in 


that state can be used as inputs. 
As inputs, 
Port 2 


pins that are externally 
being pulled low will source 


current 
(IlL, on the data sheet) because 
of the inter- 


nal pullups. 


Port 
2 emits 
the 
high-order 
address 
byte 
during 
fetches 
from 
external 
Program 
Memory 
and during 
accesses 
to external 
Data 
Memory 
that 
use 16-bit 
addresses 
(MOVX 
@DPTR). 
In this 
application 
it 
uses strong 
internal 
pullups 
when emitting 
1's. Dur- 
ing accesses 
to external 
Data Memory that use 8-bit 
addresses 
(MOVX @Ri), Port 2 emits the contents 
of 
the P2 Special 
Function 
Register. 


Some Port 2 pins receive the high-order 
address bits 
during program 
verification. 


Port 3: Port 3 is an 8-bit bidirectional 
I/O 
port with 
internal 
puliups. 
The Port 3 output 
buffers 
can drive 
LS TTL inputs. 
Port 3 pins that 
have 
1's written 
to 
them are pUlled high by the internal 
pUliups, and in 
that state 
can be used as inputs. As inputs, 
Port 3 
pins that are externally 
being pulled 
low will source 
current 
(IlL, on the data sheet) 
because 
of the pUII- 
ups. 


Port 3 also 
serves 
the functions 
of various 
special 
features 
of the MCS-51 
Family, as listed below: 


Port Pin 
Alternate 
Function 


P3.0 
RXD (serial input port) 
P3.1 
TXD (serial output port) 
P3.2 
INTO (external 
interrupt 
0) 
P3.3 
INT1 (external 
interrupt 
1) 
P3.4 
TO (Timer 0 external 
input) 
P3.5 
T1 (Timer 1 external 
input) 
P3.6 
WR (external 
data memory write strobe) 
P3.7 
RD (external 
data memory read strobe) 


RST: Reset input. A high on this pin for two machine 
cycles 
while the oscillator 
is running 
resets 
the de- 
vice. An internal 
pulldown 
resistor 
permits 
a power- 
on reset with only a capacitor 
connected 
to Vcc. 


ALE: Address 
Latch Enable output pulse for latching 
the low byte of the address 
during accesses 
to ex- 
ternal 
memory. 


In normal 
operation 
ALE 
is emitted 
at a constant 
rate of % the oscillator 
frequency, 
and may be used 
for external 
timing or clocking 
purposes. 
Note, how- 
ever, that one ALE pulse is skipped 
during each ac- 
cess to external 
Data Memory. 


PSEN: 
Program 
Store 
Enable 
is the read strobe 
to 
external 
Program 
Memory. 


When the 80C51FA 
is executing 
code from external 
Program Memory, 
PSEN is activated 
twice each ma- 
chine 
cycle, 
except 
that 
two 
PSEN 
activations 
are 
skipped 
during each access to external 
Data Memo- 
ry. 


EA/Vpp: 
External 
Access 
enable. 
EA 
must 
be 
strapped 
to Vss 
in order 
to enable 
the 
device 
to 
fetch code from external 
Program 
Memory 
locations 
OOOOHto OFFFFH. 
Note, 
however, 
that 
if either 
of 
the Program 
Lock bits are programmed, 
EA will be 
internally 
latched 
on reset. 


EA should 
be strapped 
to Vcc 
for internal 
program 
executions. 


XTAL 1: Input to the inverting 
oscillator 
amplifier. 


XlAL2: 
Output from the inverting 
oscillator 
amplifier. 


XTAL 1 and Xl AL2 are the input and output, 
respec- 
tively, 
of a inverting 
amplifier 
which 
can be config- 
ured for use as an on-chip 
oscillator, 
as shown 
in 
Figure 3. Either a quartz crystal or ceramic 
resonator 
may be used. More detailed 
information 
concerning 
the use of the on-chip 
oscillator 
is available 
in Appli- 
cation 
Note 
AP-155, 
"Oscillators 
for 
Microcontrol- 
lers." 


To drive the device 
from 
an external 
clock 
source, 


Xl AL 1 should 
be 
driven, 
while 
Xl AL2 
floats, 
as 
shown in Figure 4. There are no requirements 
on the 
duty cycle of the external 
clock 
signal, since the in- 
put to the internal 
clocking 
circuitry 
is through 
a di- 
vide-by-two 
flip-flop, 
but 
minimum 
and 
maximum 
high and low times specified 
on the data sheet must 
be observed. 


XTAL 1 


vss 
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EXTERNAL 
OSCILLATOR 
SIGNAL 


The user's software can invoke the Idle Mode. When 
the microcontroller is in this mode, power consump- 
tion is reduced. The Special Function Registers and 
the onboard RAM retain their values during Idle, but 
the 
processor stops executing instructions. Idle 
Mode will be exited if the chip is reset or if an en- 
abled interrupt occurs. The PCA timer/counter can 
optionally be left running or paused during Idle 
Mode. 


To save even.more power, a Power Down mode can 
be invoked by software. In this mode, the oscillator 
is stopped and the instruction that invoked Power 
Down is the last instruction executed. The on-chip 
RAM and Special Function Registers retain their val- 
ues until the Power Down mode is terminated. 


On the 83C51FA either a hardware reset or an ex- 
ternal interrupt can cause an exit from Power Down. 
Reset redefines all the SFRs but does not change 
the on-chip RAM. An external interrupt allows both 
the SFRs and on-chip RAM to retain their values. 


To properly terminate Power Down the reset or ex- 
ternal interrupt should not be executed before Vcc is 
restored to its normal operating level.and must be 


held active long enough for the oscillator to restart 
and stabilize (normally less than 10 ms). 


With an external interrupt, INTO and INT1 must be 
enabled and configured as level-sensitive. Holding 
the pin low restarts the oscillator but bringing the pin 
back high completes the exit. Once the interrupt is 
serviced, the next instruction to be executed after 
RETI will be the one following the instruction that put 
the device into Power Down. 


• When the idle mode is terminated by a hardware 
reset, the device normally resumes program exe- 
cution, from where it left off, up to two machine 
cycles before the internal reset algorithm takes 
control. On-chip hardware inhibits access to inter- 
nal RAM in this event, but access to the port pins 
is not inhibited. To eliminate the possibility of an 
unexpected write when Idle is terminated by re- 
set, the instruction following the one that invokes 
Idle should not be one that writes to a port pin or 
to external memory. 


The ONCE ("On-Circuit Emulation") Mode facilitates 
testing 
and 
debugging 
of 
systems 
using 
the 
83C51FA without the 83C51FA having to be re- 
moved from the circuit. The ONCE Mode is invoked 
by: 
1) Pull ALE low while the device is in reset and 
PSEN is high; 
2) Hold ALE low as RST is deactivated. 


While the device is in ONCE Mode, the Port 0 pins 
go into a float state, and the other port pins and ALE 
and PSEN are weakly pulled high. The oscillator cir- 
cuit remains active. While the 83C51FA is in this 
mode, an emulator or test CPU can be used to drive 
the circuit. Normal operation is restored when a nor- 
mal reset is applied. 


Mode 
Program 
ALE 
PSEN 
PORTO 
PORT1 
PORT2 
PORT3 
Memory 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power Down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power Down 
External 
0 
0 
Float 
Data 
Data 
Data 


NOTE: 
For more 
detailed 
information 
on the reduced 
power 
modes 
refer to current 
Embedded 
Controller 
Handbook, 
and Applica- 
tion Note AP-252, 
"Designing 
with the 80C51BH," 


Ambient 
Temperature 
Under Bias .... 
O·C to + 70·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage on EAlVpp 
Pin to VSS 
OV to + 6.5V 


Voltage on Any Other Pin to VSS .. -0.5V 
to +6.5V 


Maximum 
IOL per I/O Pin 
15 mA 


Power Dissipation 
: 
1.5W 
(based on PACKAGE 
heat transfer 
limitations, 
not 
device 
power consumption) 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE' Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Mln 
Typical 
Max 
Unit 
Test Conditions 
(4) 


VIL 
Input Low Voltage 
(Except EA) 
-0.5 
0.2Vee-0.1 
V 


VIL1 
Input Low Voltage 
EA 
0 
0.2Vee-0.3 
V 


VIH 
Input High Voltage 
0.2Vee+0.9 
Vee+0.5 
V 
(Except XTAL 1, RST) 


VIH1 
Input High Voltage 
0.7Vee 
Vee+0.5 
V 
(XTAL 1, RST) 


VOL 
Output Low Voltage 
(5) 
0.3 
V 
IOL = 100 JJoA 
(Ports 1, 2 and 3) 
0.45 
V 
IOL = 1.6 mA 
(1) 
1.0 
V 
IOL = 3.5mA 


Vou 
Output Low Voltage 
(5) 
0.3 
V 
IOL = 200 JJoA 
(Port 0, ALE/PROG, 
PSEN) 
0.45 
V 
IOL = 3.2mA 
(1) 
1.0 
V 
IOL = 7.0mA 


VOH 
Output 
High Voltage 
Vee-0.3 
V 
IOH = -10 
JJoA 
(Ports 1, 2 and 3 
Vee-0.7 
V 
IOH = -30JJoA 
(2) 
ALE/PROG 
and PSEN) 
Vee-1.5 
V 
IOH = -60 
JJoA 


VOH1 
Output High Voltage 
Vee-0.3 
V 
IOH = -200 
JJoA 
(Port 0 in External 
Bus Mode) 
Vee-0.7 
V 
IOH = -3.2mA 
(2) 
Vee-1.5 
V 
IOH = -7.0 
mA 


IlL 
Logical 0 Input Current 
-10 
-50 
,.,.A VIN = 0.45V 
(Ports 1, 2, and 3) 


III 
Input leakage Current 
0.02 
±10 
JJoA VIN = VIL or VIH 
(Port 0 and EA) 


ITL 
Logical 
1 to 0 Transition 
Current 
-265 
-650 
JJoA VIN = 2V 
(Ports 1, 2, and 3) 


RRST 
RST Pulldown 
Resistor 
40 
100 
225 
KO 


CIO 
Pin Capacitance 
10 
pF 
@1MHz, 25·C 


Ice 
Power Supply Current: 
Running at 12 MHz (Figure 5) 
15 
30 
mA 
(Note 3) 
Idle Mode at 12 MHz (Figure 5) 
5 
7.5 
mA 
Power Down Mode 
5 
75 
JJoA 
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NOTES: 
1. Capacitive 
loading 
on Ports 0 and 2 may cause 
spurious 
noise pulses 
to be superimposed 
on the VOLS of ALE and Ports 
1 and 3. The noise is due to external 
bus capacitance 
discharging 
into the Port 0 and Port 2 pins when these 
pins make 1 to 
o transitions 
during 
bus operations. 
In applications 
where 
capacitance 
loading 
exceeds 
100 pFs, the noise pulse on the ALE 
signal 
may exceed 
0.8V. In these 
cases, 
it may be desirable 
to qualify 
ALE with a Schmitt 
Trigger, 
or use an Address 
Latch 


with a Schmitt 
Trigger 
Strobe 
input. 


2. Capacitive 
loading 
on Ports 0 and 2 cause 
the VOH on ALE and PSEN to drop below 
the 0.9 Vcc 
specification 
when 
the 
address 
lines are stabilizing. 


3. See Figures 
6-9 
for test conditions. 
Minimum 
Vcc 
for power down 
is 2V. 


4. Typicals 
are based on limited 
number 
of samples, 
and are not guaranteed. 
The values 
listed are at room temperature 
and 


5V. 
5. Under 
steady 
state 
(non-transient) 
conditions, 
IOL must be externally 
limited 
as follows: 


Maximum 
IOL per port pin: 
10 mA 
Maximum 
IOL per 8-bit port - 
Port 0: 
26 mA 
Ports 1, 2, and 3: 
15 mA 
Maximum 
total 
IOL for all output 
pins: 
71 mA 


If IOL exceeds 
the test condition, 
VOL may exceed 
the related 
specification. 
Pins are not guaranteed 
to sink current 
greater 


than the listed test conditions. 


ICC Max at other 
frequencies 
is given 
by: 
Active 
Mode 
Icc 
MAX = 2.2 
x 
FREQ + 3.1 
Idle Mode 
ICC MAX = 0.49 
x 
FREQ + 1.6 
Where 
FREQ 
is in MHz. 
IccMAX 
is given 
in mA. 


EA 


83C51 
FA 


XTALZ 
XTAl1 
vss 


Figure 8. Ice Test Condition, 
Power Down Mode. 
Vee = 2.0V to 6.0V. 
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L: Logic level LOW, or ALE 
P:PSEN 
Q: Output 
Data 
A: RD signal 
T: Time 
V: Valid 
W; WR signal 
X: No longer a valid logic level 
Z: Float 


Each timing symbol 
has 5 characters. 
The first char- 
acter 
is always 
a 'T' 
(stands 
for time). 
The 
other 
characters, 
depending 
on their 
positions, 
stand 
for 
the 
name 
of a signal 
or the 
logical 
status 
of that 
signal. The following 
is a list of all the characters 
and 
what they stand for. 


A: Address 
C: Clock 
D: Input Data 
H: Logic level HIGH 
I: Instruction 
(program 
memory 
contents) 
TAVLL = Time from Address 
Valid to ALE Low 
TLLPL = Time from ALE Low to PSEN Low 


A.C. CHARACTERISTICS 
TA = O·Cto 
+70·C, 
Vcc = 5V ±20%, 
Vss = OV, Load Capacitance 
for 
Port 0, ALE and PSEN = 100 pF, Load Capacitance 
for All Other Outputs = 80 pF 


Symbol 
Parameter 
12 MHz Oscillator 
Variable 
Oscillator 
Units 
Mln 
Max 
Mln 
Max 


1/TCLCL 
Oscillator 
Frequency 
83C51FA 
3.5 
12 
MHz 
83C51FA·1 
3.5 
16 
83C51FA-2 
0.5 
12 


TLHLL 
ALE Pulse Width 
127 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
43 
TCLCL-40 
ns 


TLLAX 
Address 
Hold After ALE Low 
53 
TCLCL-30 
ns 


TLLlV 
ALE Low to Valid Instruction 
In 
234 
4TCLCL-100 
ns 


TLLPL 
ALE Low to PSEN Low 
53 
TCLCL-30 
ns 


TPLPH 
PSEN Pulse Width 
205 
3TCLCL-45 
ns 


TPLIV 
PSEN Low to Valid Instruction 
In 
145 
3TCLCL-105 
ns 


TPXIX 
Input Instruction 
Hold After PSEN 
0 
0 
ns 


TPXIZ 
Input Instruction 
Float After PSEN 
59 
TCLCL-25 
ns 


TAVIV 
Address 
to Valid Instruction 
In 
312 
5TCLCL-105 
ns 


TPLAZ 
PSEN Low to Address 
Float 
10 
10 
ns 


TRLRH 
RD Pulse Width 
400 
6TCLCL-100 
ns 


TWLWH 
WR Pulse Width 
400 
6TCLCL-100 
ns 


TRLDV 
RD Low to Valid Data In 
252 
5TCLCL-165 
ns 


TRHDX 
Data Hold After RD 
0 
0 
ns 


TRHDZ 
Data Float After RD 
107 
2TCLCL-60 
ns 


TLLDV 
ALE Low to Valid Data In 
517 
8TCLCL-150 
ns 


TAVDV 
Address 
to Valid Data In 
585 
9TCLCL-165 
ns 


TLLWL 
ALE Low to RD or WR Low 
200 
300 
3TCLCL-50 
3TCLCL+50 
ns 


TAVWL 
Address 
Valid to RD or WR Low 
203 
4TCLCL-130 
ns 


TQVWX 
Data Valid to WR Transition 
33 
= 
TCLCL-50 
ns 


TWHQX 
Data Hold after WR 
33 
TCLCL-50 
ns 


TQVWH 
Data Valid to WR High 
433 
7TCLCL-70 
ns 


TRLAZ 
RD Low to Address 
Float 
0 
0 
ns 


TWHLH 
RD or WR High to ALE High 
43 
123 
TCLCL-40 
TCLCL+40 
ns 


inter 


TLLDV 
'I 
TRLRH 


TAVDV 


P2.0-P2.? 
OR AS-A15 
FROM DPH 
AS-A15 
FROM PCH 


270538-11 


AB-A15 
fRO~ 
PCH 


270536-12 


Input, Output Waveforms 


VCC-O.5-y 
0.2VCc+O.' 
>C 


0.45V--A_0_.2_V_C_C_-_0._1 
~. 


270536-15 
AC Inputs during testing are driven at Vcc-0.5V 
for a Logic "1" 
and 0.45V for a Logic "0". Timing measurements are made at VIH 
min for a Logic ''1'' and VOLmax for a Logic "0". 


VOL+0.1V 


270536-16 
For timing purposes a port pin is no longer floating when a 
100 mV change from load voltage occurs, and begins to float 
when a 100 mV change from the loaded VOHIVOL level occurs. 
IOL/10H" 
± 20 mA. 


Symbol 
Parameter 
12 MHz Oscillator 
Variable 
Oscillator 
Units 
Min 
Max 
Mln 
Max 


TXLXL 
Serial Port Clock Cycle Time 
1 
12TCLCL 
/Ls 


TOVXH 
Output Data Setup to Clock 
700 
1OTCLCL - 133 
ns 
Rising Edge 


TXHOX 
Output Data Hold after 
50 
2TCLCL-117 
ns 
Clock Rising Edge 


TXHDX 
Input Data Hold After Clock 
a 
a 
ns 
Rising Edge 


TXHDV 
Clock Rising Edge to Input 
700 
1OTCLCL -133 
ns 
Data Valid 


INSTRUCTION I 
0 


ALE 


2 
X 
3 
X 
~ 
X 
5 
X 
6 
X 
7 I 
t 
SET TI 


OUTPUT DATA 


t 
WRITETO SBUf 


INPUT DATA 


t 
CLEAR RI 
t 
SET RI 


270538-13 


Symbol 
Parameter 
Mln 
Max 
Units 


1/TClCl 
Oscillator 
Frequency 
MHz 
83C51FAl80C51FA 
3.5 
12 
83C51 FA-1 /80C51 FA-1 
3.5 
16 
83C51 FA-2/80C51 
FA-2 
0.5 
12 


TCHCX 
High Time 
20 
ns 


TClCX 
low 
Time 
20 
ns 


TClCH 
Rise Time 
20 
ns 


TCHCl 
Fall Time 
20 
ns 


ROM CHARACTERISTICS 


Table 2 shows the logic levels for verifying 
the code data and reading the signature 
bytes on the 83C51FA. 


Mode 
RST 
PSEN 
ALE 
EA 
P2.7 
P2.6 
P3.6 
P3.7 


Verify Code Data 
1 
0 
1 
1 
0 
0 
1 
1 


Read Signature 
1 
0 
1 
1 
0 
0 
0 
0 


NOTES: 
"1" = Valid high for that pin 
"0" 
= Valid low for that pin 


inter 


vee 


AO-A7 
Pl 
PO 


RST 
EA 


ALE 
P3.6 


83C51FA 
PSEN 


P3.7 
P2.7 


XTAL2 
P2.6 


Program Verification 


If the Program Lock Bit has not been programmed, 
the on-chip Program Memory can be read out for 
verification purposes. if desired. The address of the 
Program Memory location to be read is applied to 
Port 1 and pins P2.O-P2.4. The other pins should be 
held at the "Verify" levels indicated in Table 2. The 
contents of the addressed locations will come out 
on Port O.External pullups are required on Port 0 for 
this operation. 


XTAL 1 


vss 


If the Encryption Array in the ROM has been pro- 
grammed. the data present at Port 0 will be Code 
Data XNOR Encryption Data. The user must know 
the Encryption Array contents to manually "unen- 
crypt" the data during verify. 


Figure 10 shows the setup for verifying the program 
memory. 


ROM VERIFICATION 
CHARACTERISTICS 
TA = 21°C to 2rc; 
Vcc = 5V±O.25V; Vss = ov 


Symbol 
Parameter 
Mln 
Max 
Units 


1/TCLCL 
Oscillator Frequency 
4 
6 
MHz 


TAVQV 
Address to Data Valid 
48TCLCL 


TELQV 
ENABLE Low to Data Valid 
48TCLCL 


TEHQZ 
Data Float after ENABLE 
0 
48TCLCL 


inter 


VERIFICATION 
j E~::ESS ) 


PORT 
0 ----- 
DATA OUT t---- 


TELOvl 
J· lZ"'" 


The Program 
Lock system 
consists 
of one Program 
Lock bit and a 32 byte Encryption 
Array which 
are 
used to protect 
the program 
memory 
against 
soft- 
ware piracy. 


Table 
3 outlines 
the 
features 
of programming 
the 
Lock Bit. 


tion 
Array. 
This 
byte 
is 
then 
exclusive-NOR'ed 
(XNOR) 
with the code 
byte, creating 
an Encrypted 
Verify byte. The algorithm, 
with the array in the un- 
programmed 
state (all 1's), will return the code in it's 
original, 
unmodified 
form. 


Reading the Signature 
Bytes 


The signature 
bytes are read by the same procedure 
as a normal verification 
of locations 
030H and 031 H, 
except 
that 
P3.6 and 
P3.7 need to be pUlled to a 
logic low. The values 
returned 
are: 


(030H) = 89H indicates 
manufacture 
by Intel 
(031 H) = 53H indicates 
83C51 FA 


Encryption 
Array 


Within 
the 
ROM 
array 
are 32 bytes 
of Encryption 
Array that are initially unprogrammed 
(all 1's). Every 
time that a byte is addressed 
during a verify, 
5 ad- 
dress lines are used to select 
a byte of the Encryp- 


Table 3. Program 
Lock Bit and Its Features 


Program 
Lock Bit 
Logic Enabled 
LB1 


U 
No Program Lock features 
enabled. 
(Code Verify will still be 
encrypted 
by the Encryption 
Array.) 


P 
MOVC instructions 
executed 
from external 
program 
memory 
are disabled 
from fetching 
code bytes from internal 
memory, 
EA is sampled 
and latched on reset. 


The following 
are the key differences 
between 
this and the -001 version of the 83C51 FAl80C51 
FA data sheet: 


1. Data sheet was upgraded 
from ADVANCE 
INFORMATION 
to PRELIMINARY. 


2. The old device 
name (83C252/80C252) 
was removed 
from the title. 


3. PLCC pin connection 
diagram 
was added. 


4. Package 
table was added. 


5. Exit from Power Down Mode was clarified. 


6. Maximum 
IOL per I/O pin was added to the ABSOLUTE 
MAXIMUM 
RATINGS. 


7. Note 4 was added to explain 
the maximum 
safe current 
spec. 


8. Ipd was improved 
from 100 /LA to 75 /LA. 


9. Typical 
DC characteristics 
were added for: IlL. Ill. ITL. RRST, Ice. 


10. Note 5 was added to explain 
the test conditions 
for typical 
values. 


11. Maximum 
clock frequency 
was added to the AC table. 


12. Timing 
spec's 
improved 
for: 


TAVLL 
changed 
from TCLCL·55 
to TCLCL-40 
TLLAX 
changed 
from TCLCL-35 
to TCLCL-30 
TLLPL 
changed 
from TCLCL-40 
to TCLCL-30 
TRHDZ 
changed 
from TCLCL-70 
to TCLCL-60 
TQVWX 
changed 
from "Address 
Valid Before WR" 
to "Data 
Valid to WR Transition", 
and changed 
from 
TCLCL-60 
to TCLCL-50 
TQVWH 
was added. 


13. Data sheet 
revision 
summary 
was added. 


83C51 FA/80C51 
f'A 
EXPRESS 


83C51FA/80C51FA-3.5 
MHz to 12 MHz, VCC = 5V ± 10% 
83C51FA-1/80C51FA-1-3.5 
MHz to 16 MHz, VCC = 5V ± 10% 
83C51FA-2/80C51FA-2-o.5 
MHz to 12 MHz, VCC = 5V ± 10% 


• 
Extended 
Temperature 
Range 
• 
Burn-In 


The Intel EXPRESS 
system 
offers 
enhancements 
to the operational 
specifications 
of the MCS<PJ-51family of 
microcontrollers. 
These 
EXPRESS 
products 
are designed 
to meet the needs 
of those 
applications 
whose 
operating 
requirements 
exceed 
commercial 
standards. 


The EXPRESS 
program 
includes 
the commercial 
standard 
temperature 
range with burn-in and an extended 
temperature 
range with or without 
burn-in. 


With the commercial 
standard 
temperature 
range, operational 
characteristics 
are guaranteed 
over the temper- 


ature 
range 
of O°C to 70°C. With 
the 
extended 
temperature 
range 
option, 
operational 
characteristics 
are 
guaranteed 
over the range of - 40°C to + 85°C. 


The optional 
burn-in is dynamic 
for a minimum time of 168 hours at 125°C with Vcc = 6.9V ± 0.25V, following 
guidelines 
in MIL-STD-883, 
Method 
1015. 


Package 
types and EXPRESS 
versions 
are identified 
by a one- or two-letter 
prefix to the part number. 
The 
prefixes 
are listed in Table 
1. 


For the extended 
temperature 
range option, this data sheet specifies 
the parameters 
which deviate 
from their 
commercial 
temperature 
range 
limits. The commercial 
temperature 
range 
data sheets 
are applicable 
for all 
parameters 
not listed here. 


inter 


Electrical Deviations 
from Commercial 
Specifications 
for Extended 
Temperature 
Range 


D.C. and A.C. parameters 
not included 
here are the same 
as in the commercial 
temperature 
range 
data 


sheets. 


LimIts 
UnIt 
Test 
Symbol 
Parameter 
Mln 
Max 
Conditions 


IlL 
Logical 0 Input Current (Port 1, 2, 3) 
-75 
IJ,A 
Vin = O.45V 


VOH1 
Output High Voltage 
VCC -1.5 
V 
IOH = -6.0mA 
(Port 0 in External Bus Mode) 


Prefix 
Package 
Type 
Temperature 
Range 
Burn-In 


P 
Plastic 
Commercial 
No 
0 
Cerdip 
Commercial 
No 


N 
PLCC 
Commercial 
. 


No 


TP 
Plastic 
Extended 
No 


TO 
Cerdip 
Extended 
No 


TN 
PLCC 
Extended 
No 


LP 
Plastic 
.' 
Extended 
Yes 


LD 
Cerdip 
Extended 
Yes 


LN 
PLCC 
Extended 
Yes 


NOTE: 
• Commercial temperature range is O·Cto 70·C. Extended temperature range is -40·C to +85·C. 
• Burn·in is dynamic for a minimum time of 168 hours at 125·C, Vcc = 6.9V ±0.25V, following guidelines in MIL·STO·883 
Method 1015 (Test Condition OJ. 


Examples: 


P83C51 FA indicates 
83C51 FA in a plastic 
package 
and specified 
for commercial 
temperature 
range, without 
burn-in. 
LD80C51 FA indicates 
80C51 FA in a cerdip package 
and specified 
for extended 
temperature 
range with burn- 
in. 


inter 
87C51FA 
CHMOS SINGLE-CHIP 8-BIT MICROCONTROLLER 
WITH 
PROGRAMMABLE 
COUNTER ARRAY, UP/DOWN 
COUNTER, 8K BYTES USER PROGRAMMABLE 
EPROM 
• High Performance 
CHMOS 
EPROM 
• 32 Programmable 
I/O 
Lines 
• Power Control 
Modes 
• 7 Interrupt 
Sources 
• Three 
16-Blt Timer/Counters 
• Programmable 
Serial Channel 
with: 
• Programmable 
Counter 
Array with: 
- 
Framing 
Error Detection 


- 
High Speed Output, 
- 
Automatic 
Address 
Recognition 


- 
Compare/Capture, 
• TTL Compatible 
Logic Levels 
- 
Pulse Width Modulator, 
• 64K External 
Program 
Memory 
Space 
- 
Watchdog 
Timer capabilities 
• Up/Down 
Timer/Counter 
• 64K External 
Data Memory 
Space 
• Two Level Program 
Lock System 
• MCS®-51 
Fully Compatible 
Instruction 
Set 
• 8K On-Chip 
EPROM 
• Power Saving Idle and Power 
Down 
• 256 Bytes of On-Chip 
Data RAM 
Modes 
• Quick Pulse Programmlng™ 
Algorithm 
• ONCETM (On-Circuit 
Emulation) 
Mode 
• Boolean 
Processor 


PROGRAM 
MEMORY: 
Up to 8K bytes of the program 
memory 
can reside in the on-chip 
EPROM. 
In addition 


the device 
can address 
up to 64K of program 
memory 
external 
to the chip. 


DATA MEMORY: 
This microcontroller 
has a 256 x 8 on-chip 
RAM. In addition 
it can address up to 64K bytes of 


external 
data memory. 


The 
Intel 
87C51 FA is a single-chip 
control 
oriented 
microcontroller 
which 
is fabricated 
on Intel's 
reliable 


CHMOS 
II-E technology. 
Being 
a member 
of the 
MCS@-51 family, 
the 
87C51FA 
uses the same 
powerful 
instruction 
set, has the same architecture, 
and is pin for pin compatible 
with the existing MCS-51 products. 
The 


87C51 FA is an enhanced 
version 
of the 87C51. 
It's added features 
make it an even more powerful 
microcon- 


troller for applications 
that require 
Pulse Width 
Modulation, 
High Speed 
I/O, and up/down 
counting 
capabili- 


ties such as motor control. 
It also has a more versatile 
serial channel 
that facilitates 
multi-processor 
communi- 


cations. 


i'S£N 
ALE/f'llljC 
£A/Vpp 
RST 


TIIoIING 
AND 
CONTROL 


Part 
Prefix 
Package 
Type 


87C51FA 
P 
40-Pin Plastic DIP 
D 
40·Pin CERDIP 
N 
44-PIN PLCC 


(T2) 
PLO 


(T2EX) 
Pl.l 


(ECI) Pl.2 


(CEXO) P1.3 


(CEX1) Pl.4 


(CEX2) Pl.S 


(CEXS) Pl.6 


(CEX4) Pl.7 


RESET 


(RXO) PS.O 


(TXO) PS.l 


(INTO) PS.2 


(INTl) 
PS.S 


(TO) 
PS.4 


(Tl) 
PS.S 


(Wil) 
PS.6 


(AD) 
PS.7 


XTAl2 


XTAll 


Vss 


Vcc 


PO.O (AOO) 


PO.l (AD1) 


PO.2 (AD2) 


PO.S (ADS) 


PO.4 (AD4) 


PO.S (ADS) 


PO.6 (AD6) 


PO.7 (AD7) 
Ei./Vpp 


AlE/~ 


PSEN 


P2.7 
(A1S) 


P2.6 
(AU) 


P2.S 
(A1S) 


P2.4 
(A12) 


P2.S 
(All) 


P2.2 
(Al0) 


P2.l 
(A9) 


P2.0 
(AB) 


270258-2 


Pl.S 
PO.4 


Pl.6 
PO.S 


Pl.7 
PO.6 


RST 
PO.7 


PS.O 
fi./Vpp 


NC 
NC 


PS.l 
AlE/PROG 


PS.2 
PSEN 


PS.S 
P2.7 


PS.4 
P2.6 
n~ 
ns 


Port 0: Port 0 is an 8-bit, open drain, bidirectional 
I/O 
port. As an output port each pin can sink several 
LS 
TIL 
inputs. Port 0 pins that have 1's written 
to them 
float, 
and in that state can be used as high-imped- 
ance inputs. 


Port 0 is also the multiplexed 
low-order 
address 
and 
data bus during 
accesses 
to external 
Program 
and 
Data Memory. 
In this application 
it uses strong inter- 
nal pull ups when 
emitting1's, 
and can source 
and 
sink several 
LS TIL 
inputs. 


Port 0 also receives 
the code bytes during EPROM 
programming, 
and 
outputs 
the 
code 
bytes 
during 
program 
verification. 
External 
pullup resistors 
are reo 
quired during program 
verification. 


Port 1: Port 1 is an 8-bit bidirectional 
I/O 
port with 
internal 
pullups. 
The Port 1 output 
buffers 
can drive 
LS TIL 
inputs. 
Port 1 pins that 
have 
1's written 
to 
them are pulled 
high by the internal 
pullups, 
and in 
that state 
can be used as inputs. As inputs, 
Port 1 
pins that are externally 
being pulled 
low will source 
current 
(IlL, on the data sheet) because 
of the inter- 
nal pullups. 


In addition, 
Port 1 serves the functions 
of the follow- 
ing special features 
of the 87C51FA: 


Port Pin 
Alternate 
Function 


P1.0 
T2 (External Count Input to Timer/ 
Counter 2) 


P1.1 
T2EX (Timer/Counter 
2 Capture/ 
Reload Trigger and Direction 
Control) 


P1.2 
ECI (External Count Input to the PCA) 


P1.3 
CEXO (External 
I/O for Compare/ 
Capture Module 0) 


P1.4 
CEX1 (External 
I/O for Compare/ 
Capture Module 
1) 


P1.5 
CEX2 (External 
I/O for Compare/ 
Capture Module 2) 
P1.6 
CEX3 (External 
I/O for Compare/ 
Capture Module 3) 


P1.7 
CEX4 (External 
I/O for Compare/ 
Capture Module 4) 


Port 1 receives 
the low-order 
address 
bytes 
during 
EPROM 
programming 
and verifying. 


Port 2: Port 2 is an 8·bit bidirectional 
I/O 
port with 
internal 
pullups. 
The Port 2 output 
buffers 
can drive 
LS TIL 
inputs. 
Port 2 pins that have 
1's written 
to 
them are pulled 
high by the internal 
pullups, 
and in 
that state can be used as inputs. 
As inputs, 
Port 2 
pins that are externally 
being pulled 
low will source 
current 
(IlL, on the data sheet) 
because 
of the inter- 
nal pullups. 


Port 
2 emits 
the 
high-order 
address 
byte 
during 
fetches 
from 
external 
Program 
Memory 
and during 
accesses 
to external 
Data Memory 
that 
use 16-bit 
addresses 
(MOVX 
@DPTR). 
In this 
application 
it 
uses strong 
internal 
pull ups when emitting 
1's. Dur- 
ing accesses 
to external 
Data Memory that use 8-bit 
addresses 
(MOVX @Ri), Port 2 emits the contents 
of 
the P2 Special 
Function 
Register. 


Some Port 2 pins receive the high-order 
address 
bits 
during 
EPROM 
programming 
and program 
verifica- 
tion. 


Port 3: Port 3 is an 8-bit bidirectional 
I/O 
port with 
internal 
pullups. 
The Port 3 output 
buffers 
can drive 
LS TTL inputs. 
Port 3 pins that 
have 
1's written 
to 
them are pulled 
high by the internal 
pullups, 
and in 
that state 
can be used as inputs. 
As inputs, 
Port 3 
pins that are externally 
being pulled 
low will source 
current 
(Ill, 
on the data sheet) 
because 
of the pull- 
ups. 


Port 3 also serves 
the functions 
of various 
special 
features 
of the MCS-51 
Family, as listed below: 


Port Pin 
Alternate 
Function 


P3.0 
RXD (serial input port) 
P3.1 
TXD (serial output port) 
P3.2 
INTO (external 
interrupt 
0) 
P3.3 
INT1 (external 
interrupt 
1) 
P3.4 
TO (Timer 0 external 
input) 
P3.5 
T1 (Timer 1 external 
input) 
P3.6 
WR (external 
data memory write strobe) 
P3.7 
RD (external 
data memory read strobe) 


RST: Reset input. A high on this pin for two machine 
cycles 
while the oscillator 
is running 
resets 
the de- 
vice. An internal 
pulldown 
resistor 
permits 
a power- 
on reset with only a capacitor 
connected 
to Vcc. 


ALE: Address 
Latch Enable output pulse for latching 
the low byte of the address 
during accesses 
to ex- 
ternal 
memory. 
This 
pin 
(ALE/PROG) 
is also 
the 
program 
pulse input during EPROM programming 
for 
the 87C51 FA. 


In normal 
operation 
ALE 
is emitted 
at a constant 
rate of % the oscillator 
frequency, 
and may be used 
for external 
timing or clocking 
purposes. 
Note, how- 
ever, that one ALE pulse is skipped 
during each ac- 
cess to external 
Data Memory. 


Throughout 
the 
remainder 
of this data 
sheet, 
ALE 
will refer to the signal coming out of the ALE/PROG 
pin, and the pin will be referred to as the ALE/PROG 
pin. 


PSEN: 
Program 
Store 
Enable 
is the read strobe 
to 
external 
Program 
Memory. 


When the 87C51 FA is executing 
code from external 
Program Memory, 
PSEN is activated 
twice each ma- 
chine 
cycle, 
except 
that two 
PSEN activations 
are 
skipped 
during each access to external 
Data Memo- 
ry. 


EAlVpp: 
External 
Access 
enable. 
EA 
must 
be 
strapped 
to VSS in order 
to enable 
the 
device 
to 
fetch code from external 
Program 
Memory 
locations 
OOOOHto OFFFH. Note, however, 
that if either of the 
Program 
Lock bits are programmed, 
EA will be inter- 
nally latched 
on reset. 


EA should 
be strapped 
to VCC for internal 
program 
executions. 


This pin also receives 
the programming 
supply volt- 
age (Vpp) during EPROM 
programming. 


XTAL 1: Input to the inverting 
oscillator 
amplifier. 


XTAL2: Output from the inverting 
oscillator 
amplifier. 


XT AL 1 and XTAL2 are the input and output, 
respec- 
tively, 
of a inverting 
amplifier 
which 
can be config- 
ured for use as an on-chip 
oscillator, 
as shown 
in 
Figure 3. Either a quartz crystal or ceramic 
resonator 
may be used. More detailed 
information 
concerning 
the use of the on-chip 
oscillator 
is available 
in Appli- 
cation 
Note 
AP-155, 
"Oscillators 
for 
Microcontrol- 
lers." 


To drive the device 
from 
an external 
clock 
source, 
XTAL 1 should 
be 
driven, 
while 
XT AL2 
floats, 
as 
shown in Figure 4. There are no requirements 
on the 
duty cycle of the external 
clock 
signal, since the in- 
put to the internal 
clocking 
circuitry 
is through 
a di- 
vide-by-two 
flip-flop, 
but 
minimum 
and 
maximum 
high and low times specified 
on the data sheet must 
be observed. 


XTAL 1 


vss 


inter 


The user's software 
can invoke the Idle Mode. When 
the microcontroller 
is in this mode, power consump- 
tion is reduced. 
The Special 
Function 
Registers 
and 
the onboard 
RAM retain their values during Idle, but 
the 
processor 
stops 
executing 
instructions. 
Idle 
Mode will be exited 
if the chip is reset or if an en- 
abled 
interrupt 
occurs. 
The PCA timer/counter 
can 
optionally 
be 
left 
running 
or 
paused 
during 
Idle 
Mode. 


To save even more power, a Power Down mode can 
be invoked 
by software. 
In this mode, the oscillator 
is stopped 
and the instruction 
that 
invoked 
Power 
Down 
is the last instruction 
executed. 
The on-chip 
RAM and Special 
Function 
Registers 
retain their val- 
ues until the Power Down mode is terminated. 


On the 87C51 FA either 
hardware 
reset or external 
interrupt 
can cause an exit from Power Down. Reset 
redefines 
all the SFRs but does not change 
the on- 
chip 
RAM. 
An 
external 
interrupt 
allows 
both 
the 
SFRs and the on-chip 
RAM to retain their values. 


To properly 
terminate 
Power 
Down the reset or ex- 
ternal interrupt 
should not be executed 
before Vcc is 
restored 
to its normal 
operating 
level and must be 
held active 
long enough 
for the oscillator 
to restart 
and stabilize 
(normally 
less than 10 ms). 


With an external 
interrupt, 
INTO and INT1 must be 
enabled 
and configured 
as level-sensitive. 
Holding 
the pin low restarts the oscillator 
but bringing the pin 
back 
high completes 
the exit. Once the interrupt 
is 
serviced, 
the 
next instruction 
to be executed 
after 
RETI will be the one following 
the instruction 
that put 
the device 
into Power Down. 


• 
Ambient 
light is known to affect the internal 
RAM 
contents 
during operation. 
If the 87C51 FA appli- 
cation 
requires 
the part to be run under ambient 
lighting, 
an opaque 
label should 
be placed 
over 
the window 
to exclude 
light. 


• 
When the idle mode is terminated 
by a hardware 
reset, the device 
normally 
resumes 
program 
exe- 
cution, 
from where 
it left off, up to two machine 
cycles 
before 
the internal 
reset 
algorithm 
takes 
control. 
On-chip 
hardware 
inhibits access to inter- 
nal RAM in this event, but access to the port pins 
is not inhibited. 
To eliminate 
the possibility 
of an 
unexpected 
write when 
Idle is terminated 
by re- 
set, the instruction 
following 
the one that invokes 
Idle should not be one that writes to a port pin or 
to external 
memory. 


The ONCE ("On-Circuit 
Emulation") 
Mode facilitates 
testing 
and 
debugging 
of 
systems 
using 
the 
87C51 FA without 
the 
87C51 FA 
having 
to 
be 
re- 
moved from the circuit. The ONCE Mode is invoked 
by: 


1) Pull ALE 
low while 
the 
device 
is in reset 
and 
PSEN is high; 


2) Hold ALE low as RST is deactivated. 


While the device 
is in ONCE 
Mode, the Port 0 pins 
go into a float state, and the other port pins and ALE 
and PSEN are weakly 
pulled high. The oscillator 
cir- 
cuit 
remains 
active. 
While 
the 
87C51 FA is in this 
mode, an emulator 
or test CPU can be used to drive 
the circuit. Normal operation 
is restored 
when a nor- 
mal reset is applied. 


Mode 
Program 
ALE 
PSEN 
PORTO 
PORT1 
PORT2 
PORT3 
Memory 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power Down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power Down 
External 
0 
0 
Float 
Data 
Data 
Data 


NOTE: 
For more detailed information on the reduced power modes refer to current Embedded Controller Handbook, and Applica- 
tion Note AP-252, "Designing with the 80C51BH." 


intJ 


Ambient 
Temperature 
Under Bias .... 
O·C to + 70·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage 
on EAlVpp 
Pin to Vss 
OV to + 13.0V 


Voltage 
on Any Other Pin to Vss 
.. -0.5V 
to + 6.5V 


Maximum 
IOl per I/O Pin 
15 mA 


Power Dissipation 
1.5W 
(based on PACKAGE 
heat transfer 
limitations, 
not 
device 
power consumption) 
. 


•Notice: StressfJs above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE' Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Mln 
Typical 
Max 
Unit 
Test Conditions 
(Note 4) 


Vil 
Input Low Voltage 
-0.5 
0.2Vee-0.1 
V 
- 


VIl1 
Input Low Voltage 
EA 
0 
0.2 Vee-0.3 
V 


VIH 
Input High Voltage 
0.2Vee+0.9 
Vee+0.5 
V 
(Except XT AL 1, RST, EA) 


VIH1 
Input High Voltage 
0.7 Vee 
Vee+0.5 
V 
(XT AL 1, RST) 


VOl 
Output Low Voltage(5) 
0.3 
V 
10l = 100,uA 
(Ports 1, 2 and 3) 
0.45 
IOl = 1.6 mA(1) 
1.0 
10l = 3.5 mA 


Vou 
Output Low Voltage(5) 
0.3 
V 
IOl = 200,uA 
(Port 0, ALE/PROG, 
PSEN) 
0.45 
IOl = 3.2 mA(1) 


1.0 
IOl = 7.0mA 


VOH 
Output High Voltage 
Vee - 
0.3 
V 
IOH = -10,uA 
(Ports 1, 2 and 3 
Vee -0.7 
V 
IOH = - 30 ,uA(2) 
ALE/PROG 
and PSEN) 
Vee -1.5 
V 
IOH = -60,uA 


VOH1 
Output High Voltage 
Vee -0.3 
V 
IOH = - 200 ,uA 
(Port 0 in External 
Bus Mode) 
Vee -0.7 
V 
IOH = - 3.2 mA(2) 
Vee -1.5 
V 
IOH = -7.0 
mA 


III 
Logical 0 Input Current 
-10 
-50 
,uA 
VIN = 0.45V 
(Ports 1, 2, and 3) 


III 
Input leakage Current 
0.02 
±10 
/-LA VIN = Vil or VIH 
(Port 0) 


ITl 
Logical 1 to 0 Transition 
Current 
-265 
. -650 
,uA 
VIN = 2V 
(Ports 1, 2, and 3) 


RRST 
RST Pulldown 
Resistor 
40 
100 
225 
KO 


CIO 
Pin Capacitance 
10 
pF 
@1MHz, 25·C 


Ice 
Power Supply Current: 
(Note 3) 
Running at 12 MHz (Figure 5) 
15 
30 
mA 
Idle Mode at 12 MHz (Figure 5) 
5 
7.5 
mA 
Power Down Mode 
5 
75 
/-LA 


inter 


NOTES: 
1. Capacitive 
loading 
on Ports 0 and 2 may cause 
spurious 
noise pulses 
to be superimposed 
on the VOLS of ALE and Ports 
1 and 3. The noise is due to external 
bus capacitance 
discharging 
into the Port 0 and Port 2 pins when these 
pins make 
1 to 
o transitions 
during 
bus operations. 
In applications 
where 
capacitance 
loading 
exceeds 
100 pFs, the noise pulse on the ALE 
signal 
may exceed 
O.BV. In these 
cases, 
it may be desirable 
to qualify 
ALE with a Schmitt 
Trigger, 
or use an Address 
Latch 
with a Schmitt 
Trigger 
Strobe 
input. 


2. Capacitive 
loading 
on Ports 0 and 2 cause 
the VOH on ALE and PSEN to drop below 
the 0.9 Vcc 
specification 
when 
the 
address 
lines are stabilizing. 


3. See Figures 
6-9 
for test conditions. 
Minimum 
VCC for power 
down 
is 2V. 
4. Typicals 
are based on limited number of samples, 
and are not guaranteed. 
The values listed are at room temperature 
and 5V. 
5. Under steady 
state 
(non-transient) 
conditions, 
IOL must be externally 
limited 
as follows: 
Maximum 
IOL per port pin: 
10 mA 
Maximum 
IOL per B-bit port - 
Port 0: 
26 mA 
Ports 1, 2, and 3: 
15 mA 
Maximum 
total 
tOL for all output 
pins: 
71 mA 
If tOL exceeds 
the test condition, 
VOL may exceed 
the related 
specification. 
Pins are not guaranteed 
to sink current 
greater 
than the listed test conditions. 


Ice Max at other frequencies is given by: 
Active Mode 
Icc MAX = 2.2 x FREQ + 3.1 
Idle Mode 
Icc MAX = 0.49 x FREQ + 1.6 
Where FREQ is in MHz, IccMAX is given in mA. 


XTAL2 
XTAL1 
Vss 


XTAL2 
XTAL1 
Vss 


Figure 8. Ice Test Condition, 
Power Down Mode. 
Vee = 2.0V to 5.5V. 


Vcc-O.S 
• __ •• 
_- 
0.7 Vcc 
O.-4SV 
0.2 Vcc·0.1 
TCHCL 


L: Logic level LOW, or ALE 
P: PSEN 
Q: Output 
Data 
R: RD signal 
T: Time 
V: Valid 
W: WR signal 
X: No longer a valid logic level 
Z: Float 


Each timing symbol 
has 5 characters. 
The first char- 
acter 
is always 
a 'T' 
(stands 
for time). 
The 
other 
characters, 
depending 
on their positions, 
stand 
for 
the 
name 
of a signal 
or the 
logical 
status 
of that 
signal. The following 
is a list of all the characters 
and 
what they stand for. 


A: Address 
C: Clock 
0: Input Data 
H: Logic level HIGH 
I: Instruction 
(program 
memory 
contents) 
TAVLL = Time from Address 
Valid to ALE Low 
TLLPL = Time from ALE Low to PSEN Low 


A.C. CHARACTERISTICS 
(TA = O·C to + 70·C, Vcc = 5V ± 10%, Vss = OV, Load Capacitance 
for 
Port 0, ALE/PROG 
and PSEN = 100 pF, Load Capacitance 
for All Other Outputs = 80 pF) 


Symbol 
Parameter 
12 MHz Oscillator 
Variable 
Oscillator 
Units 
Mln 
Max 
Mln 
Max 


1/TCLCL 
Oscillator 
Frequency 
3.5 
12 
MHz 


LHLL 
ALE Pulse Width 
127 
2TCLCL-40 
ns 


AVLL 
Address 
Valid to ALE Low 
43 
TCLCL-40 
ns 


LLAX 
Address 
Hold After ALE Low 
53 
TCLCL-30 
ns 


TLLlV 
ALE Low to Valid Instruction 
In 
234 
4TCLCL-100 
ns 


LLPL 
ALE Low to PSEN Low 
53 
TCLCL-30 
ns 


PLPH 
PSEN Pulse Width 
205 
3TCLCL-45 
ns 


PLiV 
PSEN Low to Valid Instruction 
In 
145 
3TCLCL-105 
ns 


PXIX 
Input Instruction 
Hold After PSEN 
0 
0 
ns 


PXIZ 
Input Instruction 
Float After PSEN 
59 
TCLCL-25 
ns 


TAVIV 
Address 
to Valid Instruction 
In 
312 
5TCLCL-105 
ns 


TPLAZ 
PSEN Low to Address 
Float 
10 
10 
ns 


RLRH 
RD Pulse Width 
400 
6TCLCL-100 
ns 


TWLWH 
WR Pulse Width 
400 
6TCLCL-100 
ns 


TRLDV 
RD Low to Valid Data In 
252 
5TCLCL-165 
ns 


RHDX 
Data Hold After RD 
0 
0 
ns 


RHDZ 
Data Float After RD 
107 
2TCLCL-60 
ns 


TLLDV 
ALE Low to Valid Data In 
517 
8TCLCL-150 
ns 


AVDV 
Address 
to Valid Data In 
585 
9TCLCL-165 
ns 


LLWL 
ALE Low to RD or WR Low 
200 
300 
3TCLCL-50 
3TCLCL+50 
ns 


TAVWL 
Address 
Valid to WR Low 
203 
4TCLCL-130 
ns 


QVWX 
Data Valid to WR Transition 
33 
TCLCL-50 
ns 


TWHQX 
Data Hold after WR 
33 
TCLCL-50 
ns 


QVWH 
Data Valid to WR High 
433 
7TCLCL-150 
ns 


ITRLAZ 
RD Low to Address 
Float 
0 
0 
ns 


ITWHLH 
RD or WR High to ALE High 
43 
123 
TCLCL-40 
TCLCL+40 
ns 


inter 


TAVDV 


P2.0-P2.7 
OR AB-AI5 
FROM DPH 
AB-A 15 FROM PCH 


270258-10 


TQVWH 


DATA OUT 


A8-A15 
FROM PCH 


270258-11 


Symbol 
Parameter 
12 MHz Oscillator 
Variable 
Oscillator 
Units 
Mln 
Max 
Mln 
Max 


TXLXL 
Serial Port Clock Cycle Time 
1 
12TCLCL 
fJ-s 


TOVXH 
Output Data Setup to Clock 
700 
1OTCLCL -133 
ns 


Rising Edge 


TXHOX 
Output 
Data Hold after 
50 
2TCLCL-117 
ns 


Clock Rising Edge 


TXHDX 
Input Data Hold After Clock 
0 
0 
ns 
Rising Edge 


TXHDV 
Clock Rising Edge to Input 
700 
1OTCLCL -133 
ns 
Data Valid 


INSTRUCTION I 
0 


ALE 


OUTPUT DATA 
, 


WRITE TO SBUf 


INPUT DATA 
, 


CLEAR RI 


_________ 
x 
3 
X 
4 
X 
5 
X 
6 
X 
7 
I 


t 
SET TI 


t 
SET RI 


270258-12 


Symbol 
Parameter 
Mln 
Max 
Units 


1/TCLCL 
Oscillator 
Frequency 
3.5 
12 
MHz 


TCHCX 
High Time 
20 
ns 


TCLCX 
Low Time 
20 
ns 


TCLCH 
Rise Time 
20 
ns 


TCHCL 
Fall Time 
20 
ns 


inter 


Input, Output Waveforms 


VCC-0.5--y- 
0.2 Vcc + 0.11 
>C 


. 0.45 V-.I\_0_.2_V_C_C-_0_., 
-J. 


270256-14 


AC Inputs during testing are driven at Vcc-0.5V 
for a Logic "1" 


and 0.45V for a Logic "0". Timing measurements are made at VIH 
min for a Logic "1" and VOLmax for a Logic "0". 


Table 2 shows the logic levels for programming the 
Program Memory, the Encryption Table, and the 
Lock Bits and for reading the signature bytes. 


VOL +0.1 
V 


270256-15 
For timing purposes a port pin is no longer floating when a 
100 mV change from load voltage occurs. and begins to float 
when a 100 mV change from the loaded VOHIVOLlevel occurs. 
IOL/IOH ;, ± 20 mA. 


Mode 
RST 
PSEN 
ALEI 
EAI 
P2.7 
P2.6 
P3.6 
P3.7 
PROG 
Vpp 


Program Code Data 
1 
0 
O' 
Vpp 
1 
0 
1 
1 


Verify Code Data 
1 
0 
1 
1 
0 
0 
1 
1 


Program Encryption Table 
1 
0 
O' 
Vpp 
1 
0 
0 
1 
Use Addresses 0-1 FH 


Program Lock 
x=1 
1 
0 
O' 
Vpp 
1 
1 
1 
1 
Bits (LBx) 
x=2 
1 
0 
O' 
Vpp 
1 
1 
0 
0 


Read Signature 
1 
0 
1 
1 
0 
0 
0 
0 


NOTES: 
"1" 
= Valid high fQr that pin 


'0" = Valid low for that pin 
"VPP" 
= + 12.75V 
±0.25V 


• ALE/f5ROG 
is pulsed 
low for 100 I£s for programming. 
(Quick-Pulse 
Programming™) 


To be programmed, the part must be running with a 
4 to 6 MHz oscillator. (The reason the oscillator 
needs to be running is that the internal bus is being 
used to transfer address and program data to appro- 
priate internal EPROM locations.) The address of an 
EPROM location to be programmed is applied to 
Port 1 and pins P2.0 - P2.4 of Port 2, while the code 
byte to be programmed into that location is applied 
to Port O. The other Port 2 and 3 pins, RST PSEN, 
and EAlVpp should be held at the "Program" levels 
indicated in Table 2. ALE/PROG is pulsed low to 
program the code byte into the addressed EPROM 
location. The setup is shown in Figure 10. 


Normally EAlVpp is held at logic high until just be- 
fore ALE/PROG is to be pulsed. Then EAlVpp is 
raised to Vpp, ALE/PROG is pulsed low, and then 
EAlVpp is returned to a valid high voltage. The volt- 
age on the EAlVpp pin must be at the valid EAlVpp 
high level before a verify is attempted. Waveforms 
and detailed timing specifications are shown in later 
sections of this data sheet. 


Note that the EAlVpp pin must not be allowed to go 
above the maximum specified Vpp level for any 
amount of time. Even a narrow glitch above that volt- 
age level can cause permanent damage to the de- 
vice. The Vpp source should be well regulated and 
free of glitches. 


+5V 


VCC 


AO-A7 
Pl 
PO 


RST 
D/Vpp 


P3.6 
ALE/PROG 


87C51FA 
PSEN 


P3.7 
P2.7 


XTAL2 
P2.6 


XTAL 1 


VSS 


Quick-Pulse 
Programming™ 
Algorithm 


The 87C51FA can be programmed using the Quick- 
Pulse Programming™ Algorithm for microcontrol- 
lers. The features of the new programming method 
are a lower Vpp (12.75V as compared to 21V) and a 
shorter programming pulse. It is possible to program 
the entire 8K Bytes of EPROM memory in less than 
25 seconds with this algorithm! 


To program the part using the new algorithm, Vpp 
must be 12.75V ±0.25V. ALE/PROG is pulsed low 
for 100 /Ls, 25 times as shown in Figure 11. Then, 
the byte just programmed may be verified. After pro- 
gramming, the entire array should be verified. The 
Program Lock features are programmed using the 
same method, but with the setup as shown in Table 
2. The only difference in programming Program Lock 
features is that the Program Lock features cannot be 
directly verified. Instead, verification of programming 
is by observing that their features are enabled. 


Program Verification 


If the 
Program Lock Bits have not been pro- 
grammed, the on-chip Program Memory can be read 
out for verification purposes, if desired, either during 
or after the programming operation. The address of 
the Program Memory location to be read is applied 
to Port 1 and pins P2.0 - P2.4. The other pins should 
be held at the "Verify" levels indicated in Table 3. 
The contents of the addressed locations will come 
out on Port O. External pullups are required on Port 0 
for this operation. 


If the Encryption Array in the EPROM has been pro- 
grammed, the data present at Port 0 will be Code 
Data XNOR Encryption Data. The user must know 
the Encryption Array contents to manually "unen- 
crypt" the data during verify. 


The setup, which is shown in Figure 12, is the same 
as for programming the EPROM except that pin P2.7 
is held at a logic low, or may be used as an active- 
low read strobe. 
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1 I' 
25 PULSES 
'I 


ALE/PROG:----:l.Jl.JLll- 
- - - - ~ 


-------- 


1 "'-.. 
10}'. M1N1 I' 
~~~t:'I 


ALE/PROG:--- ••o-I 
n 
...n.... _ 


Vee 


AO-A7 
PI 
PO 
PGM 
DATA 


RST 
U/Vpp 


P3.6 
ALE/PROG 


87C51FA 
PSEN 
0 


P3.7 
P2.7 
0 
(ENABLE) 


XTAL2 
P2.6 
0 


XTAL1 
P2.0 
A8-A12 
-P2.4 
VSS 
- 
270258-22 


Figure 12. Verifying 
the EPROM 


EPROM Program Lock 


The two-level Program Lock system consists of two 
Program Lock bits and a 32 byte Encryption Array 
which are used to protect the program memory 
against software piracy. 


Encryption 
Array 


Within the EPROM array are 32 bytes of Encryption 
Array that are initially unprogrammed (all 1's). Every 
time that a byte is addressed during a verify, 5 ad- 
dress lines are used to select a byte of the Encryp- 
tion Array. This byte is then 
exclusive-NOR'ed 
(XNOR) with the code byte, creating an Encrypted 
Verify byte. The algorithm, with the array in the un- 
programmed state (all 1's), will return the code in it's 
original, unmodified form. 


Program Lock Bits 


Also included in the EPROM Program Lock scheme 
are two Program Lock Bits which are programmed 
as shown in Table 2. 


Table 3 outlines the features of programming the 
Lock Bits. 


Erasing the EPROM also erases the Encryption Ar- 
ray and the Program Lock Bits, returning the part to 
full functionality. 


Reading the Signature 
Bytes 


The signature bytes are read by the same procedure 
as a normal verification of locations 030H and 031H, 
except that P3.6 and P3.7 need to be pulled to a 
logic low. The values returned are: 
(030H) = 89H indicates manufacture by Intel 
(031H) = 50H indicates 87C51FA 


Erasure of the EPROM begins to occur when the 
chip is exposed to light with wavelength shorter than 
approximately 4,000 Angstroms. Since sunlight and 
fluorescent lighting have wavelengths in this range, 
exposure to these light sources over an extended 
time (about 1 week in sunlight, or 3 years in room- 
level fluorescent lighting) could cause inadvertent 
erasure. If an application subjects the device to this 
type of exposure, it is suggested that an opaque la- 
bel be placed over the window. 


The recommended erasure procedure is exposure 
to ultraviolet light (at 2537 Angstroms) to an integrat- 
ed dose of at least 15 W-sec/ cm. Exposing the 
EPROM to an ultraviolet lamp of 12,000 /J-W/cmrat- 
ing for 30 minutes, at a distance of about 1 inch, 
should be sufficient. 


Program 
Lock Bits 
Logic Enabled 
LB1 
LB2 


U 
U 
No Program Lock features enabled. (Code Verify will still be 
encrypted by the Encryption Array.) 


P 
U 
MOVC instructions executed from external program memory 
are disabled from fetching code bytes from internal memory, 
EA is sampled and latched on reset, and further programming 
of the EPROM is disabled. 


P 
P 
Same as above, but Verify is also disabled 


U 
P 
Reserved for Future Definition 
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EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 
(TA = 21°C to 27°C; VCC = 5V±0.25V; 
VSS = OV) 


Symbol 
Parameter 
Min 
Max 
Units 


Vpp 
Programming 
Supply Voltage 
12.5 
13.0 
V 


Ipp 
Programming 
Supply Current 
50 
mA 


1/TCLCL 
Oscillator 
Frequency 
4 
6 
MHz 


TAVGL 
Address 
Setup to PROG Low 
48TCLCL 


TGHAX 
Address 
Hold after PROG 
48TCLCL 


TDVGL 
Data Setup to PROG Low 
48TCLCL 


TGHDX 
Data Hold after PROG 
48TCLCL 


TEHSH 
P2.7 (ENABLE) 
High to Vpp 
48TCLCL 


TSHGL 
Vpp Setup to PROG Low 
10 
/Ls 


TGHSL 
Vpp Hold after PROG 
10 
. 


/Ls 


TGLGH 
PROGWidth 
90 
110 
/Ls 


TAVQV 
Address 
to Data Valid 
48TCLCL 


TELQV 
ENABLE 
Low to Data Valid 
48TCLCL 


TEHQZ 
Data Float after ENABLE 
0 
48TCLCL 


TGHGL 
PROG High to PROG Low 
10 
/Ls 


TOVGL 


TAVGL 


TSHGL 
TGLGH 


~ 
vpp 


---A-:=JTEHSH 


P2.7 --- 


The following 
are the key differences 
between 
this and the -002 version 
of the 87C51FA 
data sheet: 


1. Data sheet was upgraded 
from ADVANCE 
INFORMATION 
to PRELIMINARY. 


2. The old device 
name (87C252) 
was removed 
from the title. 


3. PLCC pin connection 
diagram 
was added. 


4. Package 
table was added. 


5. Exit from Power Down Mode was clarified. 


6. Maximum 
IOL per I/O pin was added to ABSOLUTE 
MAXIMUM 
RATINGS. 


7. Note 4 was added to explain 
the maximum 
safe current 
spec. 


8. IpD was improved 
from 
100 jJoAto 75 jJoA. 


9. Typical 
DC characteristics 
were added for: IlL, Ill, ITL, RRST and Ice. 


10. Note 5 was added to explain 
the test conditions 
for typical 
values. 


11. Timing 
spec's 
improved 
for: 


TAVLL 
changed 
from TCLCL-55 
to TCLCL-40 


TLLAX 'changed 
from TCLCL - 35 to TCLCL - 30 


TLLPL changed 
from TCLCL - 40 to TCLCL - 30 


TRHDZ 
changed 
from TCLCL-70 
to TCLCL-60 


TQVWX 
changed 
from "Address 
Valid Before WR" 
to "Data 
Valid to WR Transition" 
and changed 
from 
TCLCL - 60 to TCLCL - 50 


TQVWH 
was added. 


12. Data sheet revision 
summary 
was added. 


13. EA Leakage 
current 
not spec'ed. 


infeF 
87C51FA 
EXPRESS 


• 
Extended 
Temperature 
Range 


• 
Burn-In 


The 
Intel 
EXPRESS 
system 
offers 
enhancements 
to the 
operational 
specifications 
of the 
8051 
family 
of 
microcontroller~. 
These 
EXPRESS 
products 
are designed 
to meet the 
needs 
of those 
applications 
whose 
operating 
requirements 
exceed 
commercial 
standards. 


The EXPRESS 
program 
includes 
the commercial 
standard 
temperature 
range with burn-in 
and an extended 
temperature 
range with or without 
burn-in. 


With the commercial 
standard 
temperature 
range, operational 
characteristics 
are guaranteed 
over the temper- 
ature 
range 
of O·C to + 70·C. With the extended 
temperature 
range 
option, 
operational 
characteristics 
are 
guaranteed 
over the range of - 40·C to + 85·C. 


The optional 
burn-in is dynamic 
for a minimum time of 168 hours at 125·C with Vcc = 6.9V ± 0.25V, following 
guidelines 
in MIL-STD-883, 
Method 
1015. 


Package 
types and EXPRESS 
versions 
are identified 
by a one· or two-letter 
prefix to the part number. 
The 
prefixes 
are listed in Table 
1. 


For the extended 
temperature 
range option, this data sheet specifies 
the parameters 
which deviate 
from their 
commercial 
temperature 
range 
limits. The commercial 
temperature 
range 
data sheets 
are applicable 
for all 
parameters 
not listed here. 


inter 
87C51FA 
EXPRESS 
~[Q)W~OO©~ OOO[F©OOIMl~'ii'O©OO 


Electrical 
Deviations 
from Commercial 
Specifications 
for Extended 
Temperature 
Range 


D.C. and A.C. parameters 
not included 
here 
are the same 
as in the commercial 
temperature 
range 
data 


sheets. 


Symbol 
Parameter 
Limits 
Unit 
Test 


Mln 
Max 
Conditions 


IlL 
Logical 0 Input Current (Port 1, 2, 3) 
-75 
1J.A 
VIN = 0.45V 


III 
Input Leakage Current 
±15 
1J.A 
VIN = VIL or VIH 


(Port 0 and EA) 


ITL 
Logical 1 to 0 transition 
-750 
1J.A 
VIN = 2.0V 
Current (Ports 1, 2, 3) 


lee 
Power Supply Current 
(Note 1) 
Active Mode 
35 
mA 
Idle Mode 
7.5 
mA 
Power Down Mode 
150 
1J.A 


NOTE: 
1. Vcc = 4.5V-5.5V, Frequency Range = 3.5 MHz-12 MHz. 
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Prefix 
Package Type 
Temperature 
Range(2) 
Burn-ln(3) 


P 
Plastic 
Commercial 
No 


0 
Cerdip 
Commercial 
No 


N 
PLCC 
Commercial 
No 


TP 
Plastic 
Extended 
No 


TO 
Cerdip 
Extended 


, 


No 


TN 
PLCC 
Extended 
. 
No 


LP 
~ 
Plastic 
. 
Extended 
Yes 


LD 
Cerdip 
Extended 
Yes 


LN 
PLCC 
Extended 
Yes 


NOTES: 
2. Commercial 
temperature 
range 
is O'C to + 70"C. Extended 
temperature 
range 
is - 40'C 
to + 85'C. 
3. Burn-in 
is dynamic 
for a minimum 
time of 168 hours 
at + 125'C, 
Vcc 
= 6.9V 
±0.25V, 
following 
guidelines 
in MIL-STD- 
883 Method 
1015 (Test Condition 
D). 


Examples: 


P87C51 FA indicates 
87C51 FA in a plastic 
package 
and specified 
for commercial 
temperature 
range, without 
burn-in. 
LD87C51FA 
indicates 
87C51FA 
in a cerdip package 
and specified 
for extended 
temperature 
range with burn- 


in. 


83C51FB 
CHMOS SINGLE-CHIP 8-BIT MICROCOMPUTER 


83C51FB-16K 
bytes of Factory Mask Programmable 
ROM 
83C51FB-3.5 
MHz to 12 MHz, Vcc = 5V ± 10% 
83C51FB-1-3.5 
MHz to 16 MHz, Vcc = 5V ± 10% 
83C51FB·2-o.5 
MHz to 12 MHz, Vcc = 5V ± 10% 
• High Performance 
CHMOS 
EPROM 
• 7 Interrupt 
Sources 
• Three 
16-Blt Timer/Counters 
• Programmable 
Serial Channel 
with: 
• Programmable 
Counter 
Array with: 
- 
Framing Error Detection 


- 
High Speed 
Output, 
- 
Automatic 
Address 
Recognition 


- 
Compare/Capture, 
• TTL and CMOS Compatible 
Logic 
- 
Pulse Width Modulator, 
Levels 
- 
Watchdog 
Timer Capabilities 
• 64K bytes External 
Program 
Memory 
• Up/Down 
Timer/Counter 
Space 
• Program 
Lock System 
• 64K bytes External 
Data Memory 
Space 
• 16K bytes of On-Chip 
Program 
ROM 
• MCS@-51 Fully Compatible 
Instruction 
• 256 Bytes of On-Chip 
Data RAM 
Set 
• Boolean 
Processor 
• Power Saving Idle and Power 
Down 
Modes 
• 32 Programmable 
I/O 
Lines 
ONCETM (On-Circuit 
Emulation) 
Mode 
• 


MEMORY 
ORGANIZATION 


PROGRAM 
MEMORY: 
Up to 16K bytes of the program 
memory can reside in the on-chip 
ROM. In addition 
the 
device 
can address 
up to 64K bytes of program 
memory 
external 
to the chip. 


DATA MEMORY: 
This microcontroller 
has a 256 x 8 on-chip 
RAM. In addition 
it can address 
up to 64K bytes of 
external 
data memory. 


The 
Intel 
83C51 FB is a single-chip 
control-oriented 
microcontroller 
which 
is fabricated 
on 
Intel's 
reliable 
CHMOS 
IV technology. 
Being a member 
of the MCS-51 family, the 83C51 FB uses the same powerful 
instruc- 
tion set, has the same architecture, 
and is pin-for-pin 
upward 
compatible 
with the existing 
MCS-51 
products. 


The 83C51 FB is an enhanced 
version 
of the 80C51 BH. Its added 
features 
make 
it an even more 
powerful 
microcontroller 
for applications 
that require Pulse Width 
Modulation, 
High Speed 
1/0, and upldown 
counting 
capabilities 
such as motor 
control. 
It also has a more versatile 
serial channel 
that facilitates 
multi-processor 
communications. 


PSEN 
AlE/1'lmll 
EA/Vpp 
RST 


TIMING 
AND 
CONTROL 


Part 
Prefix 
Package Type 


83C51FB 
P 
40-Pin Plastic DIP 
D 
40-Pin CERDIP 


N 
44-Pin PLCC 


(T2) 
PLO 


(T2EX) 
Pl.l 


(ECI) PL2 


(CEXO) P1.3 


(CEX1) 
Pl.. 


(CEX2) 
Pl.S 


(CEX3) 
Pl.6 


(CEX.) 
Pl.7 


RESET 


(RXO) 
P3.0 


(TXO) 
P3.1 


(INTO) 
P3.2 


(INTl) 
P3.3 


(TO) 
P3 .• 


(Tl) 
P3.S 
(Viii) 
P3.6 


(Rii) 
P3.7 


XTAL2 


XTAl1 


Vss 


Vcc 


PO.O (AOO) 


PO.l 
(A01) 


PO.2 (AD2) 


PO.3 (AD3) 


po .• (AD.) 


PO.S (ADS) 


PO.6 (AD6) 


PO.7 (AD7) 
fii./Vpp 


ALE/PROG 


PSEN 


P2.7 
(A1s) 


P2.6 
(AI.) 


P2.S 
(A13) 


P2 .• 
(A12) 


P2.3 
(Al1) 


P2.2 
(Al0) 


P2.1 
(A9) 


P2.0 
(A8) 


270598-2 


RST !~: 


P3.0 
Ji] 


Me !~~ 
:M NC 


P3.1 
J!~ 
:~ 
ALE 


P3.2 H~ 
~~ PSEN 


P3.3 J~: 
:}! P2.7 
n." 
J!; 
:}! 
P2.1 


P3.S 
J!; 
:n 
P2.5 


;,1 ;:~ :.; ~~ ;s=: :A~ ~: ;;.; ra: :t~:at: 
•.... .,~ ::l~o~ •. n~ 
~~ee> 
~~~~~ 


270598-3 


Port 0: Port 0 is an 8-bit, open drain, bidirectional 
I/O 


port. As an output port each pin can sink several 
LS 


TTL inputs. Port 0 pins that have 1's written 
to them 


float, 
and in that state can be used as high-imped- 


ance inputs. 


Port 0 is also the multiplexed 
low-order 
address 
and 


data bus during 
accesses 
to external 
Program 
and 


Data Memory. 
In this application 
it uses strong inter- 


nal pullups 
when 
emitting 
1's, and can source 
and 


sink several 
LS TTL inputs. 


Port 0 outputs 
the code bytes during program 
verifi- 


cation on the 83C51 FB. External 
pullup resistors 
are 


required 
during program 
verification. 


Port 1: Port 1 is an 8-bit bidirectional 
I/O 
port with 


internal 
pullups. 
The Port 1 output 
buffers 
can drive 


LS TTL inputs. 
Port 1 pins that 
have 
1's written 
to 


them are pulled 
high by the internal 
pullups, 
and in 


that state 
can be used as inputs. As inputs, 
Port 1 


pins that are externally 
being pulled 
low will source 


current 
(IlL, on the data sheet) because 
of the inter- 


nal pullups. 


In addition, 
Port 1 serves the functions 
of the follow- 


ing special features 
of the 83C51 FB: 


Port Pin 
Alternate Function 


P1.0 
T2 (External Count Input to Timer/ 
Counter 2) 


P1.1 
T2EX (Timer/Counter 
2 Capture/ 


Reload Trigger and Direction 
Control) 


P1.2 
ECI (External Count Input to the PCA) 


P1.3 
CEXO (External 
I/O for Compare/ 


Capture Module 0) 
P1.4 
CEX1 (External 
I/O for Compare/ 


Capture Module 
1) 


P1.5 
CEX2 (External 
I/O for Compare/ 


Capture Module 2) 


P1.6 
CEX3 (External 
I/O for Compare/ 


Capture Module 3) 


P1.7 
CEX4 (External 
I/O for Compare/ 


Capture Module 4) 
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Port 1 receives the low-order address bytes during 
ROM verification. 


Port 2: Port 2 is an 8-bit bidirectional I/O port with 
internal pullups. The Port 2 output buffers can drive 
LS TTL inputs. Port 2 pins that hav.e 1's written to 
them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port 2 
pins that are externally being pulled low will source 
current (IlL, on the data sheet) because of the inter- 
nal pullups. 


Port 2 emits the high-order address byte during 
fetches from external Program Memory and during 
accesses to external Data Memory that use 16-bit 
addresses (MOVX @DPTR). In this application it 
uses strong internal pullups when emitting 1's. Dur- 
ing accesses to external Data Memory that use 8-bit 
addresses (MOVX @Ri),Port 2 emits the contents of 
the P2 Special Function Register. 


Some Port 2 pins receive the high-order address bits 
during program verification. 


Port 3: Port 3 is an 8-bit bidirectional I/O port with 
internal pullups. The Port 3 output buffers can drive 
LS TTL inputs. Port 3 pins that have 1's written to 
them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port 3 
pins that are externally being pulled low will source 
current (IlL, on the data sheet) because of the pull- 
ups. 


Port 3 also serves the functions of various special 
features of the 8051 Family, as listed below: 


Port Pin 
Alternate 
Function 


P3.0 
RXD (serial input port) 
P3.1 
TXD (serial output port) 
P3.2 
INTO(external interrupt 0) 
P3.3 
INT1 (external interrupt 1) 
P3.4 
TO(Timer 0 external input) 
P3.5 
T1 (Timer 1 external input) 
P3.6 
WR (external data memory write strobe) 
P3.7 
RD (external data memory read strobe) 


RST: Reset input. A high on this pin for two machine 
cycles while the oscillator is running resets the de- 
vice. An internal pulldown resistor permits a power- 
on reset with only a capacitor connected to Vcc. 


ALE: Address Latch Enable output pulse for latching 
the low byte of the address during accesses to ex- 
ternal memory. 


In normal operation ALE is emitted at a constant 
rate of % the oscillator frequency, and may be used 


for external timing or clocking purposes. Note, how- 
ever, that one ALE pulse is skipped during each ac- 
cess to external Data Memory. 


PSEN: Program Store Enable is the read strobe to 
external Program Memory. 


When the 83C51FB is executing code from external 
Program Memory, PSEN is activated twice each ma- 
chine cycle, except that two PSEN activations are 
skipped during each access to external Data Memo- 
ry. 


EA: External Access enable. EA must be strapped to 
Vss in order to enable the device to fetch code from 
external 
Program 
Memory 
locations 
OOOOHto 
OFFFFH.Note, however, that if the Program Lock bit 
is programmed, EA will be internally latched on re- 
set. 


EA should be strapped to Vcc for internal program 
executions. 


XTAL1 and XTAL2 are the input and output, respec- 
tively, of a inverting amplifier which can be config- 
ured for use as an on-chip oscillator, as shown in 
Figure 3. Either a quartz crystal or ceramic resonator 
may be used. More detailed information concerning 
the use of the on-chip oscillator is available in Appli- 
cation Note AP-155, "Oscillators for Microcontrol- 
lers." 


To drive the device from an external clock source, 
XTAL1 should be driven, while XTAL2 floats, as 
shown in Figure 4. There are no requirements on the 
duty cycle of the external clock signal, since the in- 
put to the internal clocking circuitry is through a di- 
vide-by-two flip-flop, but minimum and maximum 
high and low times specified on the data sheet must 
be observed. 


~ 


2 
o 
XTAL2 


Cl 


XTAL 
1 


Vss 


C1, C2 = 30 pF ± 10 pF for Crystals 
~ 
10 pF for Ceramic 
Resonators 
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EXTERNAL 
OSCILLATOR 
SIGNAL 


The user's software can invoke the Idle Mode. When 
the microcontroller is in this mode, power consump- 
tion is reduced. The Special Function Registers and 
the onboard RAM retain their values during Idle, but 
the 
processor 
stops executing instructions. Idle 
Mode will be exited if the chip is reset or if an en- 
abled interrupt occurs. The PCA timer/counter can 
optionally be left running or paused during Idle 
Mode. 


To save even more power, a Power Down mode can 
be invoked by software. In this mode, the oscillator 
is stopped and the instruction that invoked Power 
Down is the last instruction executed. The on-chip 
RAM and Special Function Registers retain their val- 
ues until the Power Down mode is terminated. 


On the 83C51FB either a hardware reset or external 
interrupt can cause an exit from Power Down. Reset 
redefines all the SFRs but does not change the on- 
chip RAM. An external interrupt allows both the 
SFRs and the on-chip RAM to retain their values. 


To properly terminate Power Down the reset or ex- 
ternal interrupt should not be executed before VCCis 
restored to its normal operating level and must be 


held active long enough for the oscillator to restart 
and stabilize (normally less than 10 ms). 


With an external interrupt, INTOand INT1 must be 
enabled and configured as level-sensitive. Holding 
the pin low restarts the oscillator but bringing the pin 
back high completes the exit. Once the interrupt is 
serviced, the next instruction to be executed after 
RETI will be the one following the instruction that put 
the device into Power Down. 


• When the idle mode is terminated by a hardware 
reset, the device normally resumes program exe- 
cution, from where it left off, up to two machine 
cycles before the internal reset algorithm takes 
control. On-chip hardware inhibits access to inter- 
nal RAM in this event, but access to the port pins 
is not inhibited. To eliminate the possibility of an 
unexpected write when Idle is terminated by re- 
set, the instruction following the one that invokes 
Idle should not be one that writes to a port pin or 
to external memory. 


The ONCE ("On-Circuit Emulation") Mode facilitates 
testing 
and 
debugging 
of 
systems 
using 
the 
83C51FB without the 83C51FB having to be re- 
moved from the circuit. The ONCE Mode is invoked 
by: 
1) Pull ALE low While the device is in reset and 
PSEN is high; 
2) Hold ALE low as RST is deactivated. 


While the device is in ONCE Mode, the Port 0 pins 
go into a float state, and the other port pins and ALE 
and PSEN are weakly pulled high. The oscillator cir- 
cuit remains active. While the 83C51FB is in this 
mode, an emulator or test CPU can be used to drive 
the circuit. Normal operation is restored when a nor- 
mal reset is applied. 


Mode 
Program 
ALE 
PSEN 
PORTO 
PORT1 
PORT2 
PORT3 
Memory 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power Down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power Down 
External 
0 
0 
Float 
Data 
Data 
Data 


NOTE: 
For more detailed information on the reduced power modes refer to current Embedded Controller Handbook, and Applica- 
tion Note AP-252, "Designing with the 80C51BH." 
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Ambient 
Temperature 
Under Bias .... 
O·C to + 70·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage on EA Pin to VSS 
OVto 
+13.0V 


Voltage 
on Any Other Pin to VSS .. -O.5V 
to + 6.5V 


Maximum 
IOL Per I/O Pin 
15 mA 


Power Dissipation 
1.5W 
(based on PACKAGE 
heat transfer 
limitations, 
not 
device 
power consumption) 


•Notice: Stresses above those listed under ':Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Mln 
Typical 
Max 
Unit 
Test Conditions 
(Note 
5) 
(Note 
5) 


VIL 
Input Low Voltage 
-0.5 
0.2Vce-0.1 
V 


VIL1 
Input Low Voltage 
EA 
0 
0.2Vee-0.3 
V 


VIH 
Input High Voltage 
0.2 Vee+0.9 
Vee+0.5 
V 
(ExceptXTAL1, 
RST, EA) 


VIH1 
Input High Voltage 
0.7Vee 
Vee+0.5 
V 
(XTAL1, 
RST) 


VOL 
Output 
Low Voltage(Note 
6) 
0.3 
V 
IOL = 100 p.A (Note 1) 
(Ports 1, 2, and 3) 
0.45 
V 
IOL = 1.6 mA (Note 1) 


1.0 
V 
IOL = 3.5 mA (Notes 
1, 4) 


Vou 
Output 
Low Voltage 
(Note 6) 
" 
0.3 
V 
IOL = 200 p.A (Note 1) 
(Port 0, ALE, PSEN) 
0.45 
V 
IOL = 3.2 mA (Note 1) 


1.0 
V 
IOL = 7.0 mA (Notes 
1, 4) 


VOH 
Output 
High Voltage 
Vee-0.3 
V 
IOH = -10p.A 
(Ports 1, 2, and 3) 
Vee-0.7 
V 
IOH = -30 
p.A 


Vee-1.5 
V 
IOH = -60 
p.A 


VOH1 
Output 
High Voltage 
Vee-0.3 
V 
IOH = -200 
p.A 


(Port 0 in External 
Bus Mode, 
Vee-0.7 
V 
IOH = -3.2mA 
ALE, PSEN) 
Vee-1.5 
V 
IOH = -7.0 
mA (Note 4) 


IlL 
Logical 0 Input Current 
-50 
p.A 
VIN = 0.45V 
(Ports 1, 2, and 3) 


Iu 
Input Leakage 
Current 
±10 
p.A 
o < VIN < Vee 
- 
0.3V 
(Port 0) 


IU1 
Input Leakage 
Current 
(EA) 
TBD 
p.A 
o < VIN < Vcc 
- 
0.3V 


ITL 
Logical 
1 to 0 Transition 
-650 
p.A 
VIN = 2V 
Current 
(Ports 1, 2, and 3) 


RRST 
RST Pulldown 
Resistor 
40 
225 
Kfi 


CIO 
Pin Capacitance 
10 
pF 
@1 MHz, 25"C 


Ice 
Power Supply Current: 
(Note 3) 
Running 
at 12 MHz (Figure 5) 
20 
40 
mA 
Idle Mode at 12 MHz (Figure 5) 
5 
10 
mA 
Power Down Mode 
15 
100 
p.A 
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D.C. CHARACTERISTICS: 
(TA = O°C to + 70°C; VCC = 5V ± 10%; VSS = OV)(Continued) 


NOTES: 
1. Capacitive 
loading 
on Ports 0 and 2 may cause 
spurious 
noise pulses 
to be superimposed 
on the VOLS of ALE and Ports 
1 and 3. The noise is due to external 
bus capacitance 
discharging 
into the Port 0 and Port 2 pins when these 
pins make 
1 to 
o transitions 
during 
bus operations. 
In applications 
where 
capacitance 
loading 
exceeds 
100 pFs, the noise pulse on the ALE 
signal 
may exceed 
0.8V. In these 
cases, 
it may be desirable 
to qualify 
ALE with a Schmitt 
Trigger, 
or use an Address 
Latch 
with a Schmitt 
Trigger 
Strobe 
input. 


2. Capacitive 
loading 
on Ports 0 and 2 cause 
the VOH on ALE and PSEN to drop below 
the 0.9 VCC specification 
when 
the 
address 
lines are stabilizing. 


3. See Figures 
6-9 
for test conditions. 
Minimum 
Vcc 
for power 
down 
is 2V. 
4. Care must be taken 
not to exceed 
the maximum 
allowable 
power 
dissipation. 
5. Typicals 
are based 
on limited 
number 
of samples 
and are not guaranteed. 
The values 
listed are at room temperature 
and 
5V. 
6. Under steady 
state 
(non·transient) 
conditions, 
IOL must be externally 
limited 
as follows: 


Maximum 
IOL per port pin: 
10 mA 
Maximum 
IOL per 8-bit port· 
Port 0: 
26 mA 
Ports 1, 2, and 3: 
15 mA 
Maximum 
total 
IOL for all output 
pins: 
71 mA 
If IOL exceeds 
the test condition, 
VOL may exceed 
the related 
specification. 
Pins are not guaranteed 
to sink current 
greater 
than the listed test conditions. 


Ice 
Max at other 
frequencies 
is given 
by: 
Active 
Mode 
lee MAX 
~ 
2.2 
x 
FREQ 
+ 3.1 
Idle Mode 
Ice MAX 
~ 
0.49 
x 
FREQ + 1.6 
Where 
FREQ 
is in MHz, 
IceMAX 
is given 
in mA. 


Vcc 
l'cc Vee 


XTAL2 
XTAl1 
Vss 


Figure 8. Ice Test Condition, 
Power Down Mode. 
Vee = 2.0V to 5.5V. 


VCC-O,5------- 
0.7 
Vec 
O.<&5V 
0.2 
Vec·O.l 


TCHCL 


Figure 9. Clock Signal Waveform 
for Ice Tests In Active and Idle Modes. TCLCH = TCHCL = 5 ns. 
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L: Logic level LOW, or ALE 
P:PSEN 
Q: Output 
Data 
A: AD signal 
T: Time 
V: Valid 
W: WA signal 
X: No longer a valid logic level 
Z: Float 


Each timing symbol 
has 5 characters. 
The first char- 
acter 
is always 
a 'T' 
(stands 
for time). 
The 
other 
characters, 
depending 
on their 
positions, 
stand 
for 
the 
name 
of a signal 
or the 
logical 
status 
of that 
signal. The following 
is a list of all the characters 
and 
what they stand for. 


A: Address 
C: Clock 
D: Input Data 
H: Logic level HIGH 
I: Instruction 
(program 
memory 
contents) 
TAVLL = Time from Address 
Valid to ALE Low 
TLLPL = Time from ALE Low to PSEN Low 


A.C. CHARACTERISTICS 
TA = O·C to + 70·C, Vcc = 5V ± 10%, Vss = OV, Load Capacitance 
for 
Port 0, ALE and PSEN = 100 pF, Load Capacitance 
for All Other Outputs = 80 pF 


Symbol 
Parameter 
12 MHz Oscillator 
Variable 
Oscillator 
Units 
Mln 
Max 
Mln 
Max 


1/TCLCL 
Oscillator 
Frequency 
MHz 
83C51FB 
3.5 
12 
83C51FB·1 
3.5 
16 
83C51FB-2 
0.5 
12 


TLHLL 
ALE Pulse Width 
127 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
43 
TCLCL-40 
ns 


TLLAX 
Address 
Hold After ALE Low 
53 
TCLCL-30 
ns 


TLLlV 
ALE Low to Valid Instruction 
In 
234 
4TCLCL-100 
ns 


TLLPL 
ALE Low to PSEN Low 
53 
TCLCL-30 
ns 


TPLPH 
PSEN Pulse Width 
205 
3TCLCL-45 
ns 


TPLIV 
PSEN Low to Valid Instruction 
In 
145 
3TCLCL-105 
ns 


TPXIX 
Input Instruction 
Hold After PSEN 
0 
0 
ns 


TPXIZ 
Input Instruction 
Float After PSEN 
59 
TCLCL-25 
ns 


TAVIV 
Address 
to Valid Instruction 
In 
312 
5TCLCL-105 
ns 


TPLAZ 
PSEN Low to Address 
Float 
10 
10 
ns 


TALAH 
AD Pulse Width 
400 
6TCLCL-100 
ns 


TWLWH 
WA Pulse Width 
400 
6TCLCL-100 
ns 


TALDV 
AD Low to Valid Data In 
252 
5TCLCL-165 
ns 


TAHDX 
Data Hold After AD 
0 
0 
ns 


TAHDZ 
Data Float After AD 
107 
2TCLCL-60 
ns 


TLLDV 
ALE Low to Valid Data In 
517 
8TCLCL-150 
ns 


TAVDV 
Address 
to Valid Data In 
585 
9TCLCL-165 
ns 


TLLWL 
ALE Low to AD or WA Low 
200 
300 
3TCLCL-50 
3TCLCL+50 
ns 


TAVWL 
Address 
Valid to AD or WA Low 
203 
4TCLCL-130 
ns 


TQVWX 
Data Valid before 
WA 
33 
TCLCL-50 
ns 


TWHQX 
Data Hold after WA 
33 
TCLCL-50 
ns 


TQVWH 
Data Valid to WA High 
433 
7TCLCL-150 
ns 


TALAZ 
AD Low to Address 
Float 
0 
0 
ns 


TWHLH 
AD or WA High to ALE High 
43 
123 
TCLCL-40 
TCLCL+40 
ns 


TLLDV 
'I 


TRLRH 


TAVDV 


P2.0-P2.? 
OR AS-AI5 
FROM 
DPH 
AS-AI5 
FROM 
PCH 


270598-12 


- 
FROM RI OR OPL 


TAVWL 


TOVWH 


DATA OUT 


AS-A 
15 
FROM 
PCH 


270598-13 


Input, Output Waveforms 


VCC-0.5-y0.2Vcc+u 
>C 
-A 0.2Vcc-0.1 
. 
0.4$ V 
------- 
270598-21 
AC inputs during testing are driven at Vrx-0.5V 
lor a Logic "1" 
and 0.45V lor a Logic "0". TIming measurements are made at VIH 
min lor a Logic "1" and Vil max lor a Logic "0". 


VOL +0.1 
V 


270598-15 
For timing purposes a port pin is no longer Iloating when a 
100 mV change Irom load voltage occurs, and begins to Iloat 
when a 100 mV change Irom the loaded VOHIVOlievel 
occurs. 


IOl/IOH ~ ± 20 mA. 


Symbol 
Parameter 
12 MHz Oscillator 
Variable 
Oscillator 
Units 
Mln 
Max 
Mln 
Max 


TXLXL 
Serial Port Clock Cycle Time 
1 
12TCLCL 
,.,.s 


TOVXH 
Output Data Setup to Clock 
700 
1OTCLCL -133 
ns 
Rising Edge 


TXHOX 
Output Data Hold after 
50 
2TCLCL-117 
ns 
Clock Rising Edge 


TXHDX 
Input Data Hold After Clock 
0 
0 
ns 
Rising Edge 


TXHDV 
Clock Rising Edge to Input 
700 
1OTCLCL -133 
ns 
Data Valid 


inter 


Symbol 
Parameter 
Mln 
Max 
Units 


1/TClCl 
Oscillator 
Frequency 
MHz 
83C51FB 
3.5 
12 
83C51FB-1 
3.5 
16 
83C51FB-2 
0.5 
12 


TCHCX 
High Time 
20 
ns 


TClCX 
low 
Time 
20 
ns 


TClCH 
Rise Time 
20 
ns 


TCHCl 
Fall Time 
20 
ns 


Mode 
RST 
PSEN 
ALE 
EA 
P2.7 
P2.6 
P3.6 
P3.7 


Verify Code Data 
1 
0 
1 
1 
0 
0 
1 
1 


Read Signature 
1 
0 
1 
1 
0 
0 
0 
0 


NOTES: 
"1" = Valid high for that pin 
"0" = Valid low for that pin 


inter 


vcc 


AO-A7 
PI 
PO 


RST 
EA 


ALE 
P3.6 


83C51FB 
PSEN 


P3.7 
P2.7 


XTAL2 
P2.6 


Program Verification 


If the 
Program Lock Bits have not been pro- 
grammed, the on-chip Program Memory can be read 
out for verification purposes, if desired. The address 
of the Program Memory location to be read is ap- 
plied to Port 1 and pins P2.0-P2.5. The other pins 
should be held at the "Verify" levels indicated in Ta- 
ble 2. The contents of the addressed locations will 
come out on Port O.External pullups are required on 
Port 0 for this operation. 


XTAL 1 


vss 


If the Encryption Array in the ROM has been pro- 
grammed, the data present at Port 0 will be Code 
Data XNOR Encryption Data. The user must know 
the Encryption Array contents to manually "unen- 
crypt" the data during verify. 


Figure 10 shows the setup for verifying the program 
memory. 


ROM VERIFICATION 
CHARACTERISTICS 
TA = 21°C to 27°C; Vcc = 5V±O.25V; Vss = OV 


Symbol 
Parameter 
Mln 
Max 
Units 


1/TCLCL 
Oscillator Frequency 
4 
6 
MHz 


TAVQV 
Address to Data Valid 
48TCLCL 


TELQV 
ENABLE Low to Data Valid 
48TCLCL 


TEHQZ 
Data Float after ENABLE 
0 
48TCLCL 


j eT:::: 


ESS 


PORT 0 ----..... 
DATA OUT t 


TELQV1 ••••••__ J 
IT"'" 


The Program 
Lock system 
consists 
of one Program 
Lock bit and a 32 byte Encryption 
Array which 
are 
used to protect 
the program 
memory 
against 
soft- 
ware piracy. 


Table 
3 outlines 
the 
features 
of programming 
the 
Lock Bit. 


Program 
Lock 
Logic Enabled 
Bit 
LB1 


U 
No Program Lock features 
enabled. 
(Code Verify will still be encrypted 
by 
the Encryption 
Array.) 


P 
MOVC instructions 
executed 
from 
external 
program 
memory are disabled 
from fetching 
code bytes from internal 
memory, 
EA is sampled 
and latched on 
reset. 


Encryption 
Array 


Within 
the 
ROM 
array 
are 32 bytes 
of Encryption 
Array that are initially unprogrammed 
(all 1's). Every 
time that a byte is addressed 
during a verify, 
5 ad- 
dress lines are used to select 
a byte of the Encryp- 
tion 
Array. 
This 
byte 
is 
then 
exclusive-NOR'ed 
(XNOR) 
with the code 
byte, creating 
an Encrypted 


)---- 


Verify byte. The algorithm, 
with the array in the un- 
programmed 
state (all 1's), will return the code in it's 
original, 
unmodified 
form. 


The signature 
bytes are read by the same procedure 
as a normal verification 
of locations 
030H and 031 H, 


except 
that 
P3.6 and 
P3.7 need 
to be pulled 
to a 
logic low. The values 
returned 
are: 


(030H) = 89H indicates 
manufacture 
by Intel 
(031 H) = 5EH indicates 
83C51 FB 


The following 
are the key differences 
between 
this 
and the -001 version 
of the 83C51 FB data sheet: 


1. Package 
table was added. 


2. Note 4 was added 
to explain 
the maximum 
safe 
current 
spec. 


3. Maximum 
IOL per I/O 
pin was added 
to the AB- 
SOLUTE 
MAXIMUM 
RATING. 


4. Typical 
values for lee table were added. 


5. Note 5 was added 
to explain 
the test conditions 
for typical 
values. 


6. lee vs Frequency 
(Figure 
5) was changed 
to re- 
semble 
the 87C51 FB data sheet. 


7. Timing specs improved 
for: 


TLLAX 
changed 
from TCLCL-35 
to TCLCL-30 


TLLPL changed 
from TCLCL-40 
to TCLCL-30 


TRHDZ 
changed 
from TCLCL-70 
to TCLCL-60 


TaVWH 
was added. 


TaVWX 
changed 
from TCLCL-60 
to TCLCL-50 


8. 
A.C. 
TESTING 
INPUT 
figure 
and 
specs 
were 
changed 
to match the 87C51 FB. 


9. Data sheet revision 
summary 
was added. 


87C51FB 
CHMOS SINGLE-CHIP 8-BIT MICROCONTROLLER 
WITH 
16K BYTES USER PROGRAMMABLE 
EPROM 
87C51FB-3.5 
MHz to 12 MHz, VCC = 5V± 10% 
87C51FB-1-3.5 
MHz to 16 MHz, VCC = 5V ± 10% 
87C51FB-2-o.5 
MHz to 12 MHz, VCC = 5V± 10% 
• High Performance 
CHMOS 
EPROM 
• 32 Programmable 
I/O 
Lines 
• Three 
16-Blt Timer/Counters 
• 7 Interrupt 
Sources 
• Programmable 
Counter 
Array with: 
• Programmable 
Serial Channel 
with: 
- 
High Speed Output, 
- 
Framing 
Error Detection 
- 
Compare/Capture, 
- 
Automatic 
Address 
Recognition 
- 
Pulse Width Modulator, 
• TTL and CMOS Compatible 
Logic 
- 
Watchdog 
Timer capabilities 
Levels 
• Up/Down 
Timer/Counter 
• 64K External 
Program 
Memory 
Space 
• Two Level Program 
Lock System 
• 64K External 
Data Memory 
Space 
• 16K On-Chip 
EPROM 
• MCS@-51 Fully Compatible 
Instruction 
• 256 Bytes of On-Chip 
Data RAM 
Set 
• Quick Pulse Programmlng™ 
Algorithm 
• Power Saving Idle and Power 
Down 
• Boolean 
Processor 
Modes 
• ONCETM (On-Circuit 
Emulation) 
Mode 


PROGRAM MEMORY: Up to 16K bytes of the program memory can reside in the on-chip EPROM. In addition 
the device can address up to 64K of program memory external to the chip. 


DATA MEMORY: This microcontroller has a 256 x 8 on-chip RAM. In addition it can address up to 64K bytes of 
external data memory. 


The Intel 87C51FB is a single-chip control-oriented microcontroller which is fabricated on Intel's reliable 
CHMOS III-E technology. Being a member of the MCS-51 family, the 87C51FB uses the same powerful 
instruction set, has the same architecture, and is pin for pin compatible with the existing MCS-51 family of 
products. The 87C51FB is an enhanced version of the 87C51. It's added features make it an even more 
powerful microcontroller for applications that require Pulse Width Modulation, High Speed 1/0, and upldown 
counting capabilities such as motor control. It also has a more versatile serial channel that facilitates multi- 
processor communications. 


v 
,. 
~ 
Vss..r 


PSEN 
AlE/1'Illll: 
EA/VPP 
RST 


TIMING 
AND 
CONTROL 


inter 


Part 
Prefix 
Package 
Type 


87C51FB 
P 
40-Pin Plastic DIP 
0 
40-Pin CERDIP 
N 
44-Pin PLCC 


(T2) 
P1.0 


(T2EX) 
P1.1 


([CI) P1.2 


(CEXO) P1.3 


(C[Xl) 
P1.4 


(C[X2) P1.5 


(CEX3) P1.6 


(C[U) 
P1.7 


RESF:T 


(RXO) PM 


(TXO) P3.1 


(iNTO) 
P3.2 


(INTI) 
P3.3 


(TO) PH 


(TI) 
P3.5 


(Viii) 
P3.6 


(Rli) 
P3.7 


XTAL2 


XTAL1 


vss 


vcc 


PO.O (ADO) 


PO.l (1.01) 


PO.2 (1.02) 


PO.3 (1.03) 


PO.4 (1.04) 


PO.5 (AOS) 


PO.6 (AD6) 


PO.7 (1.07) 


fA/v •• 


ALE/I'ROG 


i>sEN 


P2.7 
(1.15) 


P2.6 
(AU) 


P2.5 
(AU) 


P2.4 
(1.12) 


P2.3 
(All) 


P2.2 
(AID) 


P2.1 
(1.9) 
no 
(1.8) 


PO.' 


PO.5 


PO.' 


PO.7 
Ei./V,. 


Ne 


AU/.ROO 


PSEN 


P2.7 


P2.fi 


P2.5 


Port 0: Port 0 is an 8-bit, open drain, bidirectional 
I/O 


port. As an output port each pin can sink several 
LS 


TIL 
inputs. Port 0 pins that have 1's written 
to them 


float, 
and in that state 
can be used as high-imped- 


ance inputs. 


Port 0 is also the multiplexed 
low-order 
address 
and 


data bus during 
accesses 
to external 
Program 
and 


Data Memory. 
In this application 
it uses strong inter- 


nal pullups 
when 
emitting1's, 
and can source 
and 


sink several 
LS TIL 
inputs. 


Port 0 also receives 
the code bytes during 
EPROM 


programming, 
and 
outputs 
the 
code 
bytes 
during 


program 
verification. 
External 
pUliup resistors 
are re- 


quired during program 
verification. 


Port 1: Port 1 is an 8-bit bidirectional 
I/O 
port with 


internal 
pull ups. The Port 1 output 
buffers 
can drive 


LS TIL 
inputs. 
Port 1 pins that have 
1's written 
to 


them are pulled 
high by the internal 
pullups, 
and in 


that state can be used as inputs. 
As inputs, 
Port 1 


pins that are externally 
being pulled 
low will source 


current 
(IlL, on the data sheet) because 
of the inter- 


nal pullups. 


In addition, 
Port 1 serves the functions 
of the follow- 


ing special 
features 
of the 87C51 FB: 


Port Pin 
Alternate 
Function 


P1.0 
T2 (External Count Input to Timer/ 
Counter 2) 


P1.1 
T2EX (Timer/Counter 
2 Capture/ 
Reload Trigger and Direction 
Control) 


P1.2 
ECI (External Count Input to the PCA) 


P1.3 
CEXO (External 
I/O for Compare/ 


Capture Module 0) 


P1.4 
CEX1 (External 
I/O for Compare/ 


Capture Module 1) 


P1.5 
CEX2 (External 
I/O for Compare/ 


Capture Module 2) 


P1.6 
CEX3 (External 
I/O for Compare/ 


Capture Module 3) 


P1.7 
CEX4 (External 
I/O for Compare/ 


Capture Module 4) 


Port 1 receives 
the low-order 
address 
bytes during 


EPROM 
programming 
and verifying. 


Port 2: Port 2 is an 8-bit bidirectional 
I/O 
port with 


internal 
puliups. 
The Port 2 output 
buffers 
can drive 


LS TIL 
inputs. 
Port 2 pins that 
have 
1's written 
to 


them 
are pulled 
high by the internal 
pullups, 
and in 


that state can be used as inputs. 
As inputs, 
Port 2 


pins that are externally 
being pulled 
low will source 


current 
(IlL, on the data sheet) 
because 
of the inter- 


nal pullups. 


Port 
2 emits 
the 
high-order 
address 
byte 
during 
fetches 
from 
external 
Program 
Memory 
and during 
accesses 
to external 
Data Memory 
that 
use 16-bit 
addresses 
(MOVX 
@DPTR). 
In this 
application 
it 
uses strong 
internal 
pullups 
when emitting 
1'so Dur- 
ing accesses 
to external 
Data Memory that use 8-bit 
addresses 
(MOVX @Ri), Port 2 emits the contents 
of 
the P2 Special 
Function 
Register. 


Some Port 2 pins receive the high-order 
address bits 
during 
EPROM 
programming 
and program 
verifica- 
tion. 


Port 3: Port 3 is an 8-bit bidirectional 
1/0 port with 


internal 
pullups. 
The Port 3 output 
buffers 
can drive 
LS TTL inputs. 
Port 3 pins that 
have 
1's written 
to 
them are pulled 
high by the internal 
pull ups, and in 
that state 
can be used as inputs. 
As inputs, 
Port 3 
pins that are externally 
being pulled low will source 
current 
(IlL, on the data sheet) 
because 
of the pull- 
ups. 


Port 3 also serves 
the functions 
of various 
special 
features 
of the 8051 Family, as listed below: 


Port Pin 
Alternate 
Function 


P3.0 
RXD (serial input port) 
P3.1 
TXD (serial output port) 
P3.2 
INTO (external 
interrupt 
0) 
P3.3 
INT1 (external 
interrupt 
1) 
P3.4 
TO (Timer 0 external 
input) 
P3.5 
T1 (Timer 1 external 
input) 
P3.6 
WR (external 
data memory write strobe) 
P3.7 
RD (external 
data memory read strobe) 


RST: Reset input. A high on this pin for two machine 
cycles 
while the oscillator 
is running 
resets 
the de- 
vice. An internal 
pulldown 
resistor 
permits 
a power- 
on reset with only a capacitor 
connected 
to Vcc. 


ALE: Address 
Latch Enable output pulse for latching 
the low byte of the address 
during OGcesses 
to ex- 
ternal 
memory. 
This 
pin 
(ALE/PR 
) is also 
the 
program 
pulse input during EPROM programming 
for 
the 87C51 FB. 


In normal 
operation 
ALE 
is emitted 
at a constant 
rate of % the oscillator 
frequency, 
and may be used 
for external 
timing or clocking 
purposes. 
Note, how- 
ever, that one ALE pulse is skipped 
during each ac- 
cess to external 
Data Memory. 


Throughout 
the remainder 
of this data 
sheet, 
ALE 
will refer to the signal coming 
out of the ALE/PROG 
pin, and the pin will be referred to as the ALE/PROG 
pin. 


PSEN: 
Program 
Store 
Enable 
is the read strobe 
to 
external 
Program 
Memory. 


When the 87C51 FB is executing 
code from external 
Program Memory, 
PSEN is activated 
twice each ma- 
chine 
cycle, 
except 
that 
two 
PSEN 
activations 
are 
skipped 
during each access to external 
Data Memo- 
ry. 


EAlVpp: 
External 
Access 
enable. 
EA 
must 
be 
strapped 
to VSS 
in order 
to enable 
the 
device 
to 
fetch code from external 
Program 
Memory 
locations 
OOOOHto OFFFFH. 
Note, 
however, 
that 
if either 
of 


the Program 
Lock bits are programmed, 
EA will be 
internally 
latched 
on reset. 


EA should 
be strapped 
to VCC for internal 
program 
executions. 


This pin also receives 
the programming 
supply volt- 
age (Vpp) during EPROM 
programming. 


XTAL 1: Input to the inverting 
oscillator 
amplifier. 


XTAL2: Output from the inverting 
oscillator 
amplifier. 


XTAL 1 and XTAL2 are the input and output, 
respec- 


tively, 
of a inverting 
amplifier 
which 
can be config- 
ured for use as an on-chip 
oscillator, 
as shown 
in 
Figure 3. Either a quartz crystal or ceramic 
resonator 
may be used. More detailed 
information 
concerning 
the use of the on-chip 
oscillator 
is available 
in Appli- 


cation 
Note 
AP-155, 
"Oscillators 
for 
Microcontrol- 
lers." 


To drive the device 
from 
an external 
clock 
source, 


XTAU 
should 
be 
driven, 
while 
XTAL2 
floats, 
as 


shown in Figure 4. There are no requirements 
on the 
duty cycle of the external 
clock 
signal, since the in- 


put to the internal 
clocking 
circuitry 
is through 
a di- 


vide-by-two 
flip-flop, 
but 
minimum 
and 
maximum 
high and low times specified 
on the data sheet must 
be observed. 


XTAL 1 


Vss 


inter 


EXTERNAL 
OSCILLATOR 
SIGNAL 


The user's software can invoke the Idle Mode. When 
t~e r:nicrocontrolleris in this mode, power consump- 
tion IS reduced. The Special Function Registers and 
the onboard RAM.retain their values during Idle, but 
the 
processor 
stops executing instructions. Idle 
Mode will be exited if the chip is reset or if an en- 
abled interrupt occurs. The PCA timer/counter can 
optionally be left running or paused during Idle 
Mode. 


To save even more power, a Power Down mode can 
be invoked by software. In this mode, the oscillator 
is stopped and the instruction that invoked Power 
Down is the last instruction executed. The on-chip 
RAM and Special Function Registers retain their val- 
ues until the Power Down mode is terminated. 


On the 87C51FB either a hardware reset or an ex- 
ternal interrupt can cause an exit from Power Down. 
Reset redefines all the SFRs but does not change 
the on-chip RAM. An external interrupt allows both 
the SFRs and on-chip RAM to retain their values. 


With an external interrupt, INTOand INT1 must be 
enabled and configured as level-sensitive. Holding 
the pin low restarts the oscillator but bringing the pin 
back high completes the exit. Once the interrupt is 
serviced, the next instruction to be executed after 
RETI will be the one following the instruction that put 
the device into Power Down. 


• Ambient light is known to affect the internal RAM 
contents during operation. If the 87C51FB appli- 
cation requires the part to be run under ambient 
lighting, an opaque label should be placed over 
the window to exclude light. 


• When the idle mode is terminated by a hardware 
reset, the device normally resumes program exe- 
cution, from where it left off, up to two machine 
cycles before the internal reset algorithm takes 
control. On-chip hardware inhibits access to inter- 
nal RAM in this event, but access to the port pins 
is not inhibited. To eliminate the possibility of an 
unexpected write when Idle is terminated by re- 
set, the instruction following the one that invokes 
Idle should not be one that writes to a port pin or 
to external memory. 


The ONCE ("On-Circuit Emulation") Mode facilitates 
testing 
and 
debugging 
of 
systems 
using 
the 
87C51FB without the 87C51FB having to be re- 
moved from the circuit. The ONCE Mode is invoked 
by: 
1) Pull ALE low while the device is in reset and 
PSEN is high; 
2) Hold ALE low as RST is deactivated. 


To properly terminate Power down the reset or ex- 
ternal interrupt should not be executed before Vcc is 
restored to its normal operating level and must be 
held active long enough for the oscillator to restart 
and stabilize (normally less than 10 ms). 


While the device is in ONCE Mode, the Port 0 pins 
go into a float state, and the other port pins and ALE 
and PSEN are weakly pulled high. The oscillator cir- 
cuit remains active. While the 87C51FB is in this 
mode, an emulator or test CPU can be used to drive 
the circuit. Normal operation is restored when a nor· 
mal reset is applied. 


Table 
1. Status of the External 
Pins during Idle and Power Down 


Mode 
Program 
ALE 
PSEN 
PORTO 
PORT1 
PORT2 
PORT3 
Memory 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power Down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power Down 
External 
0 
0 
Float 
Data 
Data 
Data 


NOTE: 
~or more detailed information on the reduced power modes refer to current Embedded Controller Handbook and Applica- 
tion Note AP·252, "Designing with the BOC51BH." 
' 


inter 


AmbientTemperature 
Under Bias .... 
O·C to + 70·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage 
on EAlVpp 
Pin to Vss 
OV to + 13.0V 


Voltage 
on Any Other Pin to Vss 
.. - 0.5V to + 6.5V 


Maximum 
IOL Per I/O Pin 
15 mA 


Power Dissipation 
1.5W 
(based on PACKAGE 
heat transfer 
limitations, 
not 
device 
power consumption) 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE- Specifications contained within the 
following tables are subject to change. 


ADVANCED 
INFORMATION-eONTACT 
INTEL FOR DESIGN-IN 
INFORMATION 


D.C. CHARACTERISTICS: 
(TA = O·Cto 
+70·C;Vee 
= 5V ±10%;Vss 
= OV) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 
(Note 5) 


VIL 
Input Low Voltage 
-0.5 
0.2 Vee-0.1 
V 


VIL1 
Input Low Voltage 
EA 
0 
0.2Vee-0.3 
V 


VIH 
Input High Voltage 
0.2Vee+0.9 
Vee+0.5 
V 
(Except XTAL 1, RST, EA) 


VIH1 
Input High Voltage 
(XTAL 1, RST) 
0.7Vee 
Vee+0.5 
V 


VOL 
Output 
Low Voltage (Note 6) 
0.3 
V 
IOL = 100 p.A (Note 1) 
(Ports 1, 2, and 3) 
0.45 
V 
IOL = 1.6 mA (Note 1) 


1.0 
V 
IOL = 3.5 mA (Notes 1, 4) 


Vou 
Output 
Low Voltage (Note 6) 
0.3 
V 
IOL = 200 p.A (Note 1) 
(Port 0, ALE, PSEN) 
0.45 
V 
IOL = 3.2 mA (Note 1) 


1.0 
V 
IOL = 7.0 mA (Note 1,4) 


VOH 
Output High Voltage 
Vee-0.3 
V 
IOH = -10 
p.A 
(Ports 1, 2, and 3) 
Vee-0.7 
V 
IOH = -30 
p.A 


Vee-1.5 
V 
IOH = -60 
p.A 


VOH1 
Output High Voltage 
Vee-0.3 
V 
IOH = - 200 p.A 
(Port 0 in External 
Bus Mode, 
Vee-0.7 
V 
IOH = -3.2mA 
ALE, PSEN) 
Vee-1.5 
V 
IOH = -7.0 
mA (Note 4) 


IlL 
Logical 0 Input Current 
-50 
p.A VIN = 0.45V 
(Ports 1, 2, and 3) 


III 
Input leakage Current (Port 0) 
'. 
±10 
p.A 0< 
VIN < Vee-0.3V 


ILl1 
Input Leakage Current (EA) 
TBD 
p.A o < VIN < Vee-0.3V 


ITL 
Logical 
1 to 0 Transition 
Current 
-650 
p.A VIN = 2V 
(Ports 1, 2, and 3) 


RRST 
RST Pulldown 
Resistor 
40 
225 
KO 


CIO 
Pin Capacitance 
10 
pF 
@1 MHz, 25·C 


Ice 
Power Supply Current: 
(Note 3) 
Running at 12 MHz (Figure 5) 
20 
40 
mA 
Idle Mode at 12 MHz (Figure 5) 
5 
10 
mA 
Power Down Mode 
15 
100 
p.A 


inter 


NOTES: 
1. Capacitive 
loading 
on Ports 0 and 2 may cause 
spurious 
noise pulses 
to be superimposed 
on the VOLS of ALE and Ports 
1 and 3. The noise is due to external 
bus capacitance 
discharging 
into the Port 0 and Port 2 pins when these 
pins make 1 to 
o transitions 
during 
bus operations. 
In applications 
where 
capacitance 
loading 
exceeds 
100 pFs, the noise pulse on the ALE 
signal 
may exceed 
0.8V. In these 
cases, 
it may be desirable 
to qualify 
ALE with a Schmitt 
Trigger, 
or use an Address 
Latch 
with a Schmitt 
Trigger 
Strobe 
input. 


2. Capacitive 
loading 
on Ports 0 and 2 cause 
the VOH on ALE and PSEN to drop below 
the 0.9 VCC specification 
when 
the 
address 
lines are stabilizing. 


3. See Figures 
6-9 
for test conditions. 
Minimum 
Vcc 
for Power 
Down 
is 2V. 


4. Care must be taken 
not to exceed 
the maximum 
allowable 
power 
dissipation. 
5. Typicals 
are based 
on limited 
number 
of samples 
and are not guaranteed. 
The values 
listed are at room temperature 
and 
5V. 
6. Under steady 
state 
(non-transient) 
conditions, 
IOL must be externally 
limited 
as follows: 
Maximum 
IOL per port pin: 
10mA 
Maximum 
IOL per 8-bit port- 
Port 0: 
26 mA 
Ports 1, 2 and 3: 
15 mA 
Maximum 
total 
IOL for all output 
pins: 
71 mA 


If IOL exceeds 
the test condition, 
VOL may exceed 
the related 
specification. 
Pins are not guaranteed 
to sink current 
greater 


than the listed test conditions. 
. 


Ice Max at other frequencies is given by: 
Active Mode 
Ice MAX ~ 2.2 x FREQ + 3.1 
Idle Mode 
lee MAX = 0.49 x FREQ + 1.6 
Where FREQ is in MHz, lee MAX is given in mA. 


XTAL2 


XTAL1 
vss 


Figure 8. Ice Test Condition, 
Power Down Mode. 


Vee = 2.0V to 5.5V. 
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L: Logic level LOW, or ALE 
P:PSEN 
Q: Output Data 
R: RD signal 
T:Time 
V: Valid 
W: WR signal 
X: No longer a valid logic level 
Z: Float 


Each timing symbol has 5 characters. The first char- 
acter is always a 'T' (stands for time). The other 
characters, depending on their positions, stand for 
the name of a signal or the logical status of that 
signal. The following is a list of all the characters and 
what they stand for. 


A: Address 
C: Clock 
D: Input Data 
H: Logic level HIGH 
I: Instruction (program memory contents) 
TAVLL = Time from Address Valid to ALE Low 
TLLPL = Time from ALE Low to PSEN Low 


A.C. CHARACTERISTICS 
(TA = O·Cto + 70·C, Vcc = 5V ± 10%, Vss = OV,Load Capacitance for 
Port 0, ALE/PROG and PSEN = 100 pF, Load Capacitance for All Other Outputs = 80 pF) 


Symbol 
Parameter 
12 MHz Oscillator 
Variable 
Oscillator 
Units 
Mln 
Max 
Mln 
Max 


1/TCLCL Oscillator Frequency 
0.5 
16 
MHz 


TLHLL 
ALE Pulse Width 
127 
2TCLCL-40 
ns 


TAVLL 
Address Valid to ALE Low 
43 
TCLCL-40 
ns 


TLLAX 
Address Hold After ALE Low 
53 
TCLCL-30 
ns 


TLLlV 
ALE Low to Valid Instruction In 
234 
4TCLCL-100 
ns 


TLLPL 
ALE Low to PSEN Low 
53 
TCLCL-30 
ns 


TPLPH 
PSEN PulseWidth 
205 
3TCLCL-45 
ns 


TPLIV 
PSEN Low to Valid Instruction In 
145 
3TCLCL-105 
ns 


TPXIX 
Input Instruction Hold After PSEN 
0 
0 
ns 
TPXIZ 
Input Instruction Float After PSEN 
59 
TCLCL-25 
ns 
TAVIV 
Address to Valid Instruction In 
312 
5TCLCL-105 
ns 


TPLAZ 
PSEN Low to Address Float 
10 
10 
ns 
TRLRH 
RD Pulse Width 
400 
6TCLCL-100 
ns 
TWLWH WR Pulse Width 
400 
6TCLCL-100 
ns 
TRLDV 
RD Low to Valid Data In 
252 
5TCLCL-165 
ns 
TRHDX 
Data Hold After RD 
0 
0 
ns 
~RHDZ 
Data Float After RD 
107 
2TCLCL-60 
ns 


~LLDV 
ALE Low to Valid Data In 
517 
8TCLCL-150 
ns 
IrAVDV 
Address to Valid Data In 
585 
9TCLCL-165 
ns 
~LLWL 
ALE Low to RD or WR Low 
200 
300 
3TCLCL-50 
3TCLCL+50 
ns 
TAVWL 
Address Valid to WR Low 
203 
4TCLCL-130 
ns 
~QVWX 
Data Valid before WR 
33 
TCLCL-50 
ns 
IrwHQX 
Data Hold after WR 
33 
TCLCL-50 
ns 
~QVWH 
Data Valid to WR High 
433 
7TCLCL-150 
ns 
ITRLAZ 
RD Low to Address Float 
0 
0 
ns 
IrwHLH 
RD or WR High to ALE High 
43 
123 
TCLCL-40 
TCLCL+40 
ns 


TAVDV 


P2.0-P2.7 
OR A8-A15 
fROM DPH 
A8-A 15 fROM PCH 


270563-10 


fROIo! RI OR DPL 


TAVWL 


TQVWH 


DATA OUT 


A8-A 15 fROM PCH 


270563-11 
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Symbol 
Parameter 
12 MHz Oscillator 
Variable 
Oscillator 
Units 
Mln 
Max 
Mln 
Max 


TXLXL 
Serial Port Clock Cycle Time 
1 
12TCLCL 
uS 


TQVXH 
Output Data Setup to Clock 
700 
1OTCLCL -133 
ns 


Rising Edge 


TXHQX 
Output Data Hold after 
50 
2TCLCL-117 
ns 


Clock Rising Edge 


TXHDX 
Input Data Hold After Clock 
0 
0 
ns 


Rising Edge 


TXHDV 
Clock Rising Edge to Input 
700 
1OTCLCL - 133 
ns 


Data Valid 


Symbol 
Parameter 
Min 
Max 
Units 


1/TCLCL 
Oscillator 
Frequency 
87C51FB 
3.5 
12 
MHz 
87C51FB-1 
3.5 
16 
87C51FB-2 
0.5 
12 


TCHCX 
High Time 
20 
ns 


TCLCX 
Low Time 
20 
ns 


TCLCH 
Rise Time 
20 
ns 


TCHCL 
Fall Time 
20 
ns 


Input, Output Waveforms 


VCC-U-Y-0.2VCC+O.1 
>C 
-A0.2VCC-O.1 
. 
0.45 V 
------- 
270563-14 


AC Inputs during testing are driven at Vcc-0.5V 
for a Logic "1" 
and 0.45V for a Logic "0". Timing measurements are made at VIH 
min for a Logic "1" and VIL max for a Logic "0". 


Table 2 shows the logic levels for programming the 
Program Memory, the Encryption Table, and the 
Lock Bits and for reading the signature bytes. 


VOL+0.1 V 


270563-15 
For timing purposes a port pin is no longer floating when a 
100 mV change from load voltage occurs. and begins to float 
when a 100 mV change from the loaded VOHIVOL level occurs. 
10L/IOH;;, ± 20 mA. 


Mode 
RST 
PSEN 
ALEI 
EAI 
P2.7 
P2.6 
P3.6 
P3.7 
PROG 
Vpp 


Program Code Data 
1 
0 
O' 
Vpp 
1 
0 
1 
1 


Verify Code Data 
1 
0 
1 
1 
0 
0 
1 
1 


Program Encryption Table 
1 
0 
O' 
Vpp 
1 
0 
0 
1 
Use Addresses 0-1 FH 


Program Lock 
x=1 
1 
0 
O' 
Vpp 
1 
1 
1 
1 
Bits (LBx) 
x=2 
1 
0 
O' 
Vpp 
1 
1 
0 
0 


Read Signature 
1 
0 
1 
1 
0 
0 
0 
0 


NOTES: 
"1" 
= Valid high for that pin 
"0" 
= Valid low for that pin 
"VPP" 
= + 12.75V 
±0.25V 
• ALE/PROG 
is pulsed 
low for 100 
!JoS for programming. 
(Quick-Pulse 
Programming™) 


To be programmed, the part must be running with a 
4 to 6 MHz oscillator. (The reason the oscillator 
needs to be running is that the internal bus is being 
used to transfer address and program data to appro- 
priate internal EPROM locations.) The address of an 
EPROM location to be programmed is applied to 
Port 1 and pins P2.0 • P2.5 of Port 2, while the code 
byte to be programmed into that location is applied 
to Port O. The other Port 2 and 3 pins, RST, PSEN, 
and EA/Vpp should be held at the "Program" levels 
indicated in Table 2. ALE/PROG is pulsed low to 
program the code byte into the addressed EPROM 
location. The setup is shown in Figure 10. 


Normally EA/Vpp is held at logic high until just be- 
fore ALE/PROG is to be pulsed. Then EA/Vpp is 
raised to Vpp, ALE/PROG is pulsed low, and then 
EA/Vpp is returned to a valid high voltage. The volt- 
age on the EA/Vpp pin must be at the valid EA/Vpp 
high level before a verify is attempted. Waveforms 
and detailed timing specifications are shown in later 
sections of this data sheet. 


Note that the EA/Vpp pin must not be allowed to go 
above the maximum specified Vpp level for any 
amount of time. Even a narrow glitch above that volt- 
age level can cause permanent damage to the de- 
vice. The Vpp source should be well regulated and 
free of glitches. 


+5V 


Vee 


AO-A7 
PI 
PO 


RST 
D./Vpp 


P3.6 
ALE/PROG 


87C51fB 
PSEN 


P3.7 
P2.7 


XTAL2 
P2.6 


XTAL I 


Vss 


Quick-Pulse 
Programming™ 
Algorithm 


The 87C51 FB can be programmed 
using the Quick- 
Pulse 
Programming™ 
Algorithm 
for 
microcontrol- 
lers. The features 
of the new programming 
method 
are a lower Vpp (12.75V as compared 
to 21V) and a 
shorter 
programming 
pulse. It is possible 
to program 
the entire 16K Bytes of EPROM memory in less than 
50 seconds 
with this algorithm! 


To program 
the part using the new algorithm, 
Vpp 
must be 12.75V 
±0.25V. 
ALE/PROG 
is pulsed 
low 
for 100 
J-Ls, 25 times 
as shown 
in Figure 
11. Then, 
the byte just programmed 
may be verified. 
After pro- 
gramming, 
the entire 
array 
should 
be verified. 
The 
Program 
Lock 
features 
are programmed 
using the 
same method, 
but with the setup as shown 
in Table 
2. The only difference 
in programming 
Program Lock 
features 
is that the Program Lock features 
cannot be 
directly 
verified. 
Instead, verification 
of programming 
is by observing 
that their features 
are enabled. 


Program Verification 


If 
the 
Program 
Lock 
Bits 
have 
not 
been 
pro- 
grammed, 
the on-chip 
Program Memory 
can be read 
out for verification 
purposes, 
if desired, 
either during 
or after the programming 
operation. 
The address 
of 
the Program 
Memory 
location 
to be read is applied 
to Port 1 and pins P2.0 - P2.5. The other pins should 
be held at the "Verify" 
levels 
indicated 
in Table 
2. 
The contents 
of the addressed 
locations 
will come 
out on Port O. External 
pullups are required 
on Port 0 
for this operation. 


If the Encryption 
Array in the EPROM 
has been pro- 
grammed, 
the data 
present 
at Port 0 will be Code 
Data XNOR 
Encryption 
Data. The user must 
know 
the 
Encryption 
Array 
contents 
to manually 
"unen- 
crypt" 
the data during verify. 


The setup, which is shown in Figure 12, is the same 
as for programming 
the EPROM except that pin P2.7 
is held at a logic low, or may be used as an active- 
low read strobe. 


-ntJ 


I I' 


ALE/PROG:~-----~ 
'----' 
"-. 
1001's 
1 
.•••••.•••• 
10}'s IollN11' 
t 10}'s 
" 


ALE/PROG:---o-I 
n 
n 
_ 


25 PULSES------,, 


Vee 


PI 
PO 


RST 
rA/Vpp 


P3.6 
ALE/PROG 


87C51FB 
PSEN 


P3.7 
P2.7 


XTAL2 
P2.6 


EPROM Program Lock 


The two-level 
Program 
Lock system 
consists 
of two 


Program 
Lock 
bits and a 32 byte Encryption 
Array 
which 
are 
used 
to 
protect 
the 
program 
memory 
against 
software 
piracy. 


Encryption 
Array 


Within the EPROM 
array are 32 bytes of Encryption 


Array that are initially unprogrammed 
(all 1's). Every 


time that a byte is addressed 
during a verify, 
5 ad- 
dress lines are used to select 
a byte of the Encryp- 


tion 
Array. 
This 
byte 
is 
thenexclusive-NOR'ed 


(XNOR) 
with the code 
byte, creating 
an Encrypted 


Verify 
byte. The algorithm, 
with the array in the un- 
programmed 
state (all 1's), will return the code in it's 
original, 
unmodified 
form. 


Program Lock Bits 


Also included 
in the EPROM 
Program 
Lock scheme 
are two Program 
Lock 
Bits which 
are programmed 
as shown 
in Table 2. 


Table 
3 outlines 
the features 
of programming 
the 


Lock Bits. 


Erasing the EPROM 
also erases 
the Encryption 
Ar- 


ray and the Program 
Lock Bits, returning 
the part to 


full functionality. 


Reading the Signature 
Bytes 


The signature 
bytes are read by the same procedure 


as a normal verification 
of locations 
030H and 031 H, 


except 
that 
P3.6 and 
P3.7 need 
to be pulled 
to a 


logic low. The values 
returned 
are: 


(030H) = 89H indicates 
manufacture 
by Intel 


(031 H) = 5FH indicates 
87C51 FB 


Erasure 
of the 
EPROM 
begins 
to occur 
when 
the 


chip is exposed 
to light with wavelength 
shorter than 


approximately 
4,000 Angstroms. 
Since sunlight 
and 


fluorescent 
lighting 
have wavelengths 
in this range, 


exposure 
to these 
light sources 
over 
an extended 


time (about 
1 week 
in sunlight, 
or 3 years 
in room- 


level 
fluorescent 
lighting) 
could 
cause 
inadvertent 


erasure. 
If an application 
subjects 
the device to this 


type of exposure, 
it is suggested 
that an opaque 
la- 


bel be placed 
over the window. 


The 
recommended 
erasure 
procedure 
is exposure 


to ultraviolet 
light (at 2537 Angstroms) 
to an integrat- 


ed dose 
of at least 
15 W-sec/cm2. 
Exposing 
the 


EPROM 
to an ultraviolet 
lamp 
of 12,000 
p.W/cm2 


rating for 30 minutes, 
at a distance 
of about 
1 inch, 


should 
be sufficient. 


Program 
Lock Bits 
Logic Enabled 
LB1 
LB2 


U 
U 
No Program Lock features 
enabled. 
(Code Verify will still be 


encrypted 
by the Encryption 
Array.) 


P 
U 
MOVC instructions 
executed 
from external 
program 
memory 


are disabled 
from fetching 
code bytes from internal 
memory, 


EA is sampled 
and latched on reset, and further programming 


of the EPROM is disabled. 


P 
P 
Same as above, but Verify is also disabled 


U 
P 
Reserved 
for Future Definition 
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EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 
(TA = 21°C to 27°C; VCC = 5V±0.25V; 
VSS = OV) 


Symbol 
Parameter 
Mln 
Max 
Units 


Vpp 
Programming 
Supply Voltage 
12.5 
13.0 
V 


Ipp 
Programming 
Supply Current 
50 
mA 


1/TCLCL 
Oscillator 
Frequency 
4 
6 
MHz 


TAVGL 
Address 
Setup to PROO Low 
48TCLCL 


TGHAX 
Address 
Hold after PROG 
48TCLCL 
\ 


TDVGL 
Data Setup to PROG Low 
48TCLCL 


TGHDX 
Data Hold after PROG 
48TCLCL 


TEHSH 
P2.7 (ENABLE) 
High to Vpp 
48TCLCL 


TSHGL 
Vpp Setup to PROG Low 
10 
p.s 


TGHSL 
Vpp Hold after PROG 
10 
p.s 


TGLGH 
PROGWidth 
90 
110 
p's 


TAVQV 
Address 
to Data Valid 
48TCLCL 


TELQV 
ENABLE 
Low to Data Valid 
48TCLCL 


TEHQZ 
Data Float after ENABLE 
0 
48TCLCL 


TGHGL 
PROG High to PROG Low 
10 
p.s 


TOVGL 


TAVGL 


TGHOX 


TGHAX 


TSHGLj------ 


TGLGH 
vee 
~ 
vpp 


---A-=.iTEHSH 


P2.7 --- 


The following 
are the key differences 
between 
this and the -001 version 
of the 87C51 FB data sheet: 


1. Title changed 
to include 
-1 and -2 version 
of the device. 


2. PLCC pin connection 
diagram 
was added. 


3. Package 
table was added. 


4. Exit from power down mode was clarified. 


5. Maximum 
IOL per I/O pin was added to the ABSOLUTE 
MAXIMUM 
RATING. 


6. Note 6 was added to explain 
the maximum 
safe current 
spec. 


7. Typical 
values 
for ICC table were added. 


8. Note 5 was added to explain 
the test conditions 
for typical 
values. 


9. Timing 
specs 
improved 
for: 


TLLAX 
changed 
from TCLCL-35 
to TCLCL-30 


TLLPL changed 
from TCLCL-40 
to TCLCL-30 


TRHDZ 
changed 
from TCLCL·70 
to TCLCL·60 


TQVWX 
changed 
from TCLCL·60 
to TCLCL·50 


TQVWH 
was added. 


10. Data sheet revision 
summary 
was added. 


LOW COST CODE EVALUATION 
TOOL 


Intel's EV80C51 FA evaluation 
board provides 
a hardware 
environment 
for code 
execution 
and software 
debugging 
at a relatively 
low cost. The board features 
the 
80<:51FA single chip, CHMOS', 
8-bit mkrocontroller, 
the newest member 
of the industry 
standard 
8051 family. 
The board allows the user to take full advantage 
of the power of 
the 8051. The EV8OC5 IFA provides 
up to 16 MHz execution 
of a user's 
code. 
Plus, its 
memory 
(ROMsim) can be reconfigured 
to match the user's plannl'd 
memory 
system, 
allowing 
for exact analysis 
of code execution 
spel'ds in a particular 
application. 


Popular 
features such as single-step 
program 
execution 
and sixteen software 
breakpoints 
are standard 
on the EV8OC51FA. Intel provides 
a complete 
code development 
environment 
using assembly 
language 
(ASM-51l as well as Intel's high-level 
language 
PL/M-51 
to accelerate 
development 
schedules. 


The evaluation 
board is hosted on an IBM PC" or BIOS-compatible 
done, already 
a 
standard 
development 
solution 
in most of today's 
engineering 
environments. 
The source 
code for the on-board 
monitor 
(written 
in ASM-51) is public domain. 
The program 
is 
about 2K bytes and can be easily modified 
to be induded 
in the user's 
target hardware. 


In this way, the provided 
PC host software 
can be used throughout 
the development 
phase. 


EVBOC51FAFEATURES 


• Up to 16 MHz Execution 
Speed 
• 8K Bytes of ROMsim 
• Totally CMOS, low power board 
• Concurrent 
Interrogation 
of Memory 
and 
Registers 


• Sixteen Software 
Breakpoints 
• Program 
Step Mode 
• High-Level 
Language 
Support 
• R5-232·C Communication 
Link 


FULL SPEED EXECUTION 


The EV8OC51FA executes 
the user's 
code from on-board 
ROMsim at up to 16 MHz. 
By 
changing 
crystals on the 8OC51FA any slower execution 
speed can be evaluated. 


However, 
the board's 
host interface 
timing is affected by this crystal change, and 
therefore 
the monitor 
code requires 
minor modifications. 


BK BYlES 
OF ROMSIM 


The board comes with 8K bytes of SRAM to be used as ROMsim for the user's 
code and 
as data memory 
if needed. 
intJ-------- 
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TOTALLY CMOS BOARD 


The EV8OC51FA board is built totally with 
CMOS components. 
Its power 
consumption 
is therefore very low, 
requiring 
5 volts at only 120 mA. The 
board also requires +/- 12 volts at 0.1 mA. 


CONCURRENT INTEROGATION 
OF MEMORY AND REGISTERS 


The monitor 
for the EV8OC51FA allows the 
user to read and modify internal 
registers 
and external memory 
while the user's 
code 
is running 
in the board. 


SIXTEEN SOFTWARE 
BREAKPOINTS 


There are sixteen breakpoints 
available 
which automatically 
substitute 
an LCALL 
instruction 
for a user's 
instruction 
at the 
breakpoint 
location. 
The substitution 
occurs when execution 
is started. 
If the 
code is halted or a breakpoint 
is reached, 


the user's 
code is restored 
into the 
ROMsim. 


PROGRAM 
STEP MODE 


The stepping 
mode redirects 
the external 
interrupt 
0 vector for use by the monitor. 


All other interrupts 
are available 
to the 
user, and will function as normal. 
External 
interrupt 
0 is returned 
to the user after 
stepping. 


HIGH LEVEL LANGUAGE 
SUPPORT 


The host software 
for the EV8OC51FA 
board is able to load absolute 
object code 
generated 
by ASM-51, PL/M-51 
or RL-51, 


which are available 
from Intel. 


RS-232-C COMMUNICATION 
LINK 


The EV8OC51FA communicates 
with the 
host using the on chip UART of the 
8OC51FA. Timer 2 is used as the baud-rate 
generator 
to reach %00 baud with a 
16 MHz cryS!'ll. Timer 1 could be used as 
the baud-rate 
generator 
if a different 
crystal frequency 
is selected. 
This is 
outlined 
in the supplied 
User's Manual. 


PERSONAL COMPUTER 
REQUIREMENTS 


The EV8OC51FA Evaluation 
Board is 
hosted on an IBM PC", XT", AT"' or 
BIOS-compatible 
clone. 
The PC must 
meet the following 
minimum 
requirements: 
• SI2K Bytes of Memory 
• One 360K Byte floppy Disk Drive 
• PC DOS" 
3.1 or Later 
• A Serial Port (COM! or COM2) at %00 
&lud' 
• ASM-5! or PL/M-S! 
• A text editor such as AEDIT 


.~VB(}C51FB I-.VALUATION 
BOARD 


LOW COST CODE EVALUATION 
TOOL 
Intel's EV8OC51FBevaluation board provides a hardware environment for code 
execution and software debugging at a relatively low cost. The board features the 
8OC51FBor 8OC51FA,single chip, CHMOS·, 8-bit microcontrollers, the newest members 
of the industry standard 8051 family. The board allows the user to take full advantage of 
the power of the 8051. The EV8OC51FBprovides up to 16MHz execution of a user's 
code. Plus, its memory (ROMsim) can be reconfigured to match the user's planned 
memory system, allOWingfor exact analysis of code execution speeds in a particular 
application. 
Popular features such as a single line assembler/disassembler, 
single-step program 
execution and sixteen software breakpoints are standard on the EV80C51FB. Intel 
provides a complete code development environment using assembly language (ASM-51) 
as well as Intel's high-level language PL/M-51 to accelerate development schedules. 
The evaluation board is hosted on an IBMpc•• or BI05-compatible clone, already a 
standard development solution in most of today's engineering environments. The source 
code for the on-board monitor (written in ASM-5l) is public domain. The program is 
about 3K bytes and can be easily modified to be included in the user's target hardware. 
In this way, the prOVidedpc host software can be used throughout the development 
phase. 


EV80C51FB FEATURES 
• Up to 16 MHz Execution Speed 
• 16K Bytes of ROMsim 
• Flexible Chip-Select Controller 
• Totally CMOS, low power board 
• Concurrent Interrogation of Memory 
and Registers 


• Sixteen Software Breakpoints 
• Program Step Mode 
• High-Level Language Support 
• Single Line AssemblerlDisassembler 
• RS-232-C Communication Link 


FULL SPEED EXECUTION 
The EV8OC51FBexecutes the user's code from on-board ROMsim at up to 16 MHz. By 
changing crystals on the 8OC51FBany slower execution speed can be evaluated. The 
board's host interface timing is not affected by this crystal change. 


16K BYTES OF ROMSIM 
The board comes with 16Kbytes of SRAM to be used as ROMsim for the user's code and 
as data memory if needed. 


intJ-------- 


"CHMOS IS •• petented Intei process. 
"18M 
PC. XT. AT and 
DOS.lre 
~ist~ 
tracHomarb 
l,f Inltmahnn,,1 
Businrss 
Machinri 
CotpOJ'Iltion. 


Intrl Corpor.ltioo 
auumn 
nt) Tftpunsibilityfur 
1M-~uf 
IIny circuitry 
nttin' thin 
drt'Uilf)'ftnbodted 
in an In~1 product. 
No oth« 
cin:uil 
patml 
UCftlse5.~ 
impl~. 
Inlorrn.1tion rnn~inrd 
hrNin 
suJM'st'd"" 
pryviuulily 
published 
specificoltions 
on thwoto dt!'\1~ 
from 
Intel 


FLEXIBLE MEMORY 
DECODING 
By changing 
the Programable 
Logic Device (PLDl on the board, 
the memory 
on the board 
can be made to look like the memory 
system 
planned 
for the user's 
hardware 
application. 


The PLD controls 
the chip-select 
inputs 
on the board with 64 byte boundaries 
of 
resolution. 


TOTALLY CMOS BOARD 
The EV8OC51FB board 
is built totally 
with CMOS components. 
Its power 
consumption 
is 
therefore 
very low, requiring 
5 volts at only 225 mA. If the on board 
LED's are disabled, 
the current 
drops 
to only 80 mA. The board 
also requires 
+/- 12 volts at 10 mA. 


CONCURRENT 
INTEROGATION 
OF MEMORY AND REGISTERS 
The monitor 
for the EV8OC51 FB allows 
the user to read and modify 
internal 
registers 
and 
external 
memory 
while the user's 
code is running 
in the board. 


SIXTEEN SOFnNARE 
BREAKPOINTS 
There are sixteen 
breakpoints 
available 
which automatically 
substitute 
an LCALL 
instruction 
for a user's 
instruction 
at the breakpoint 
location. 
The substitution 
occurs 
when execution 
is started. 
If the code is halted 
or a breakpoint 
is reached, 
the user's 
code 
is restored 
into the ROMsim. 


PROGRAM 
STEP MODE 
The stepping 
mode redirects 
the external 
interrupt 
0 vector for use by the monitor. 
All 
other interrupts 
are available 
to the user, and will function 
as normal. 
External 
interrupt 
0 
is returned 
to the user after stepping. 


HIGH LEVEL LANGUAGE 
SUPPORT 
The host software 
for the EV8OC51 FB board 
is able to load absolute 
object code generated 
by ASM-51, PL/M-51 
or RL-51, which are available 
from Intel. 


SINGLE LINE ASSEMBLER/DISASSEMBLER 
The host has a Single Line Assembler, 
and a Disassembler, 
to simplify 
modification 
and 
examination 
of code loaded 
on the board. 


RS-232-C COMMUNICATION 
LINK 
The EV8OC51FB communicates 
with the host using an Intel 82510 UART provided 
on 
board. 
This frees the on-chip 
UART of the 8OC51FB or 8OC51FA for the user's 
application. 


PERSONAL 
COMPUTER 
REQUIREMENTS 
The EV8OC51FB Evaluation 
Board is hosted 
on an IBM PC", XI'·, 
AI'" 
or BIOS 
compatible 
clone. 
The PC must meet the following 
minimum 
requirements: 
• 512K Bytes of Memory 
_ A Serial Port (COMI 
or COM2l at 
- One 360K Byte floppy 
Disk Drive 
9600 Baud 
- PC DOS"" 3.1 or Later 
_ ASM-51 or PLlM-51 
• A text editor such as AEDIT 


8OC51FB 
CPU 


82510 
UART 


8XC51GA 
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HARDWARE 
DESCRIPTION 
OF THE 8XC51GA 


The 8XCSIGA is an 8-bit control-oriented microcon- 
troller based on the 8051 architecture. The 8XCSIGA 
is an enhanced version of the 8XCSIBH and incorpo- 
rates many new features. 


• 8-Channel 8-Bit A/D Converter 
• 
16-Bit Watchdog Timer 
• Oscillator Fail Detect Logic 
• Half-Duplex, Synchronous Serial Interface 


• 7 Interrupt Sources 
• 400 mV Hysteresis on Ports I and 3 Inputs 


Other features available on the 8XCSIGA which are 
also on the 8XCSIBH include: 


• 4 Kbytes of EPROM (87CS IGA) or ROM 
(83CSIGA) Program Memory 


• 
128 Bytes of Data RAM 
• Idle and Power Down Modes 
• Full-Duplex, Asynchronous Serial Interface 
• Two 16-Bit Programmable Timer/Counters 
• 32 Programmable I/O Lines 


The 8XCSIGA uses the standard 8051 instruction set 
and is compatible with existing 80CS I family of prod- 
ucts. The 83CSIGA is the factory masked ROM de- 
vice; the 80CSIGA is the ROMless device; and the 
87CS IGA is the EPROM 
device. The designation, 
8XCSIGA, refers to any of the three GA devices. 


It is assumed that the reader is familiar with the 80S I 
architecture. 
The following sections discuss only the 
differences between the 8XCSIGA and the standard 
8OCSl. For more detailed information on the 8051, 


consult the "Hardware Description of the 8051, 8052 
and 80CS I" chapter in the Intel Embedded 
Controller 
Handbook. 


The 8XCSlGA AID Converter is an 8-bit device with 
8 inputs in the 48- and 52-pin packages. It features user 
selectable internal Sample and Hold and conversion 
speed control circuitry. The AD Converter operates in 
both normal and idle modes with a nominal conversion 
speed of 22 !Jos(130 states) at 12 MHz and an accuracy 
of ± 1 LSB. Separate voltage reference (VREP) and ana- 
log ground (AGND) signals are bonded out to external 
pins. The 4 low-order analog inputs are multiplexed 
with the 4 low-order Port I inputs. 


There are two Special Function Registers associated 
with the AID operation. Writing to the AID control 
register ADCON controls the start of the AID Conver- 
sion, the enabling or disabling of the internal sample 
and hold, the number of states taken for conversion, 
and the analog input channel selection. Reading the 
ADCON register yields the current status of the AID 
converter operation. 


The AID conversion result is stored in the result regis- 
ter, ADRES, a read-only register which is cleared be- 
fore the start of any conversion. 


The A/D Control Register, ADCON, contains the bits 
necessary for controlling the A/D conversion process. 
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Bit 


ADCON 
(Write) 


7 
6 


X 
X 


Address 
= 97H 
Not Bit Addressable 


5 


SHD 


4 


RCS 


2 


CH2 


1 


CH1 


o 


CHO 


Symbol 
Position 
Function 
• 
- 
ADCON.7 
Not Used 
- 
ADCON.6 
Not Used 


SHD· 
ADCON.5 
Sample-and-Hold 
Bit. Writing a 0 enables 
S/H. Writing a 
1 disables S/H. 


RCS· 
ADCON.4 
Reduce Conversion 
States bit. Writing a 1 reduces the 
number of states for conversion. 
Writing a 0 causes a 
normal number of conversion 
states. 


GO 
ADCON.3 
Start AID Conversion 
Bit. Writing a 1 starts the A/D 
conversion 
process. Writing a 0 means conversion 
process 
not started 
(or cancelled). 


CH2 
ADCON.2 
High-order 
bit for analog input channel 
selection. 


Value = 4 


CH1 
ADCON.1 
Mid-order 
bit for analog input channel 
selection. 
Value = 2 


CHO 
ADCON.O 
Low-order 
bit for analog input channel 
selection. 


Value = 1 


Bit 


ADCON 
(Read) 


7 
6 


X 
AIF 


Address = 97H 
Not Bit Addressable 


5 


SHD 


4 


RCS 


3 


STA 


2 


CH2 


1 


CH1 
o 


CHO 


Symbol 
Position 
Function 


ADCON.7 
Not Used 


AIF 
ADCON.6 
AID 
Interrupt 
Flag: Set to a 1 at the end of a conversion. 


A 0 indicates 
idle or conversion 
in progress. 


SHD 
ADCON.5 
Sample/Hold 
Disabled status bit. A 1 means disabled. 
A 
o means enabled. 


RCS 
ADCON.4 
Reduced 
Conversion 
States status bit. A 1 means 


reduced 
number of states. A 0 indicates 
normal number 
of states. 


STA 
ADCON.3 
Conversion 
Status bit. A 1 indicates 
AID 
conversion 
in 
progress. 
A 0 means AID 
Idle. 


CH2 
ADCON.2 
High-order 
input channel 
address 
bit. 


CH1 
ADCON.1 
Mid-order 
input channel 
address bit. 


CHO 
ADCON.O 
Low-order 
input channel 
address 
bit. 


inter 


The AID Result register ADRES is a binary-coded result of the last AID conversion and ranges from 00 to FF Hex. 
B~ 
? 
6 
5 
4 
3 
2 
1 
0 


ADRES' 
AD? 
ADS 
AD5 
AD4 
AD3 
AD2 
AD1 
ADO 
(Read Only) 
MSB 
LSB 


Address = 84H 
Reset Value = 01111111B 
Not Bit Addressable 


Writing to the read-only ADRES register should be 
avoided. 


The purpose of a sample and hold capacitor is to mini- 
mize the effect of external noise by isolating the signal 
input from the signal source during an AID conver- 
sion. Unfortunately, capacitor leakage can lead to inac- 
curacies in the AID 
conversion at very low clock 
speeds. For this reason, the sample and hold capacitor 
can be taken out of the circuit under program control 
and the number of cycles needed for the conversion can 
be reduced under program control. Thus, the conver- 
sion time for designs using slow clocks is reduced. Note 
that when running at full speed, both the sample and 
hold capacitors and the normal number of states should 
be enabled for the conversion. The following table indi- 
cates the number of states needed for a conversion with 
all possible combinations of the SHD (Sample-and- 
Hold Disabled) and RCS (Reduced Clock States) bits 
in the ADCON register. 


SHD 
ReS 
Number 
of States 


0 
0 
130 (22 /Ls @ 12 MHz) 


0 
1 
75 


1 
0 
235 


1 
1 
131 


The AID 
interrupt 
flag, AIF, is set following each 
AID conversion cycle. Bit IE.6 of the SXC51GA Inter- 
rupt Enable Register lInd Bit IP.6 of the Interrupt Pri- 
ority Register are assigned to the AID interrupt. If the 
AID interrupt is enabled by IE.6, then IP.6 is exam- 
ined before service to determine the priority level. AIF 
is cleared when the system vectors to the interrupt serv- 
ice routine address 0033H. For further information on 
the AID interrupt, refer to the "Interrupts" 
section. 


The input pins for the four low-order analog inputs, 
ACHO-3, are shared with the four low-order digital 
inputs, Pl.O-3. 
This restricts Pl.O-3 
as inputs only; 
they cannot be used as outputs. The four high-order 
analog inputs, ACH4- 7 are not shared and exist as 
discrete inputs in the 4S-pin and 52-pin packages. Note 
that the high-order four bits of Port I, P1.4-7, 
can be 
used as normal outputs. 


Except for the shared input portion of Port I all the 
other port functions are essentially the same as in the 
SOC51with the following enhancements: 


P1.4-P1.7, Port 2, and Port 3 in the SXC5lGA reset to 
output 
high asynchronously 
in order 
to guarantee 
known states even in the absence of an active internal 
clock. (The SOC51ports reset synchronously which re- 
quires that the clock be running). In the SXC5lGA, 
Port 0 is floated asynchronously 
at reset. If output 
highs are required, 
then 
external 
pull-up 
resistors 
should be installed on Port O. Pl.O-P1.3 
are high-im- 
pedance (floating), input-only type inputs. 


For improved noise margin, Ports I and 3 have Schmitt 
trigger inputs with minimum hysteresis of 400 mY. 
TTL compatibility is maintained. 


The Watchdog Timer (WDn 
provides the ability to 
recover from hardware or software malfunctions by 
forcing the part into reset. The WDT is a 16-bit counter 
which must be cleared by software before the counter 
reaches the maximum value of FFFFH. Otherwise, the 
WDT generates an internal reset signal. The WDT re- 
set signal is logically ORed with the Oscillator Fail De- 
tect reset signal to generate an asynchronous 
reset 
which has a 4 machine cycle duration. The WDT oper- 
ates in both normal and idle modes. The counter is 
cleared and initiated by reset or a software clear. A 
software clear consists of writing the sequence IEH and 
EIH 
to 
the 
Watchdog 
Timer 
Control 
Register, 
WDTCON. 
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Three Special Function Registers are allocated for the 
WDT. The software WDT clear sequence of lEH and 
ElH is written to WDTCON, a write-only register. The 
other two SFRs are allocated to the read-only timer 
registers, WDTLB (Watchdog Timer Lower Byte) and 
WDTUB (Watchdog Timer Upper Byte). The follow- 
ing chart indicates the SFR addresses of these three 
registers: 


The Watchdog Timer is automatically disabled during 
Power Down Mode. It cannot be disabled during Nor- 
mal and Idle Modes and is active anytime the oscillator 
is running. The external RESET pin is not driven upon 
a WDT generated reset. 


SFRName 
Address 
Function 


WDTCON 
A6H 
Writing sequence 
1EH and E1H clears the watchdog 
timer registers to Os. 


WDTUB 
96H 
Reading this address yields the contents 
of the upper 
byte 0f the WDT. 


WDTLB 
86H 
Reading this address yields the contents 
of the lower 
byte of the WDT. 


The Oscillator Fail Detect Circuit triggers a reset (for 4 
machine cycles) if the oscillator frequency is below the 
trigger frequency (range of 20 KHz to 400 KHz). The 
reset is removed when the oscillator frequency is higher 
than the trigger frequency. The OFD can be disabled 
by software by writing the sequence ElH and lEH to 
the OFDCON register. Writing anything to OFDCON 
except the disable sequence, ElH and lEH, will have 
no effect. 


Bit 


OFDCON 
(Read/Write) 
Address = A5H 
Not Bit Addressable 
OFDS = 0: OFD Active 
OFDS = 1: OFD Disabled 


In addition to the existing serial port of the 8XC5l, a 
half-duplex synchronous serial interface is provided in 
the 8XC5IGA. 
Two pins, SEPIO and SEPCLK, are 
dedicated for the interface. The SEPIO pin is used for 
transmission or reception of 8-bit packets of serial data, 
and the SEPCLK 
outputs 
the synchronizing 
clock 


Before going into the Power Down Mode, the OFD 
must be disabled or the OFD will force the 8XC5lGA 
out of Power Down. Once the OFD has been disabled, 
it can only be enabled again by a RESET, which is a 
necessary step to come out of the Power Down Mode. 
The OFD cannot be enabled under software control. 


o 


OFDS 


signal. Four clock frequencies and four serial interface 
timing modes are provided through the SEP Control 
Register. 


Three SFRs are used for the Serial Expansion Port. The 
SEPCON register controls the operation of the SEP 
while the SEPSTA register returns the status of the 
SEP operation. The data is exchanged through 
the 
SEPDAT register. 


Bit 
7 
6 
5 
4 


SEPCON 
I 
X 
I__ 
X _~S_EP_E_I 
SEPREN I 


(Read/Write) 
Address 
= D7H 


Not Bit Addressable 


3 
2 
1 


CLKP 
CLKPH 
SEPS1 


Reset Value = XXOOOOOOB 


o 


SEPSO 


inter 


Symbol 
Position 
Function 
- 
SEPCON.7 
Not Used 
- 
SEPCON.6 
Not Used 


SEPE 
SEPCON.5 
SEP Enable: 1 = Enable, 0 = Disable with 
SEPIO and SEPCLK tri-stated 


SEPREN 
SEPCON.4 
SEP Receive 
Enable: 1 = Enable 
0= 
Disable 


CLKP 
SEPCON.3 
Clock Polarity: 0 = Idle Polarity is Low 


, 
1 = Idle Polarity is High 


CLKPH 
SEPCON.2 
Clock Phase: 0 = Start Data Sample on 
First SEPCLK Edge 
1 = Start Data Sample on SEPCLK 
Edge Half Phase Later 


SEPS1 
SEPCON.1 
See SEPS1 /SEPSO Chart, Figure 4 


SEPSO 
SEPCON.O 
See SEPS1 /SEPSO Chart, Figure 4 


Figure 3. SEPCON: Serial Expansion 
Port Control 
Register 


output is low, and if CLKP = I the idle state of the 
SEPCLK output is high. 
SEPS1 
SEPSO 
XTAL 
Freq. 
Divided 
by 
(@12MHz) 


0 
0 
12 
1.000 MHz 


0 
1 
24 
500 KHz 


1 
0 
48 
250 KHz 


1 
1 
96 
125 KHz 


Reset disables the SEP by resetting the enable bit, 
SEPE. When SEPE is set by the software, the SEPCLK 
will assume the idle state controlled by the CLKP bit. 
If CLKP 
= 0 the idle state of the SEPCLK clock 


CLKP 
CLKPH 


" 
" 
SEPCLK 


" 
SEPCLK 


" 
SEPCLK 


SEPCLK 


SEPIO 


DATA 
SAt.4PLED 


The CLKPH bit controls the point in time at which the 
input data is sampled. If CLKPH = 0 the data is sam- 
pled for 8 cycles starting from the first SEPCLK tran- 
sition edge. If CLKPH 
= I the data is sampled for 8 
cycles starting from the transition edge one-half phase 
later from the first SEPCLK transition edge. The four 
combinations of the CLKP and CLKPH bits allow four 
different serial interface timings as shown in the follow- 
ing diagram. No matter which timing is chosen, the 
data will always be transmitted a half cycle ahead of the 
sampling edge. (See Figure 5.) 
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Bit 
7 
6 


SEPSTA 
I 
X 
X 


(Read/Write) 
Address 
= F7H 


Not Bit Addressable 


4 
3 
2 
1 


I SEPFWR I SEPFRD I 
SEPIF 
SEPIP 


Reset Value = XXXOOOOOB 


o 


SEPIE 


Symbol 
Position 
Function 
- 
SEPSTA.7 
Reserved 
- 
SEPSTA.6 
Reserved 
- 
SEPSTA.5 
Reserved 


SEPFWR 
SEPSTA.4 
SEPFWR = 1: SEPDAT Read/Write 
Attempted 


During Data Transmission 


SEPFRD 
SEPSTA.3 
SEPFRD = 1: SEPDAT Read/Write 
Attempted 


During Data Reception 


SEPIF 
SEPSTA.2 
SEPIF = 1: Interrupt 
Flag Set upon Completion 
of Data Transmission 
or Reception 


SEPIF = 0: Interrupt 
Flag Cleared 


SEPIP 
SEPSTA.1 
SEPIP = 1: SEP Interrupt 
Priority is High 


SEPIP = 0: SEP Interrupt 
Priority is Low 


SEPIE 
SEPSTA.O 
SEPIE = 1: SEP Interrupt 
Enabled 
SEPIE = 0: SEP Interrupt 
Disabled 


Bit 


SEPOAT 
(Read/Write) 


765 
07 
06 
05 


MSB 
Address 
E7H 
Not Bit Addressable 


The SEPIO pin will float until transmit is initiated by 
writing to the SEPDAT register. Note that the Receive 
Enable Bit SEPREN must be cleared before transmit- 
ting. The data byte that is written to SEPDAT will be 
shifted out through the SEPIO pin, MSB first. At the 
same time, the synchronous clock SEPCLK will be out- 
put (8 cycles). If an attempt to read or write is made to 
the SEPDAT register during a transmit operation the 
Fault Write Bit SEPFWR will be set. The transmit op- 
eration will still be completed, and the SEPIF bit will 
be set. SEPFWR can be cleared by software or by a 
reset. 


Data reception is initiated by setting the SEPREN bit 
in the SEPCON SFR. The SEPCLK outputs the syn- 
chronizing clock, and the data received on the SEPIO 
pin is shifted into SEPDA T. The SEPREN bit is auto- 
matically cleared after 8 bits have been received. The 
Read Fault bit SEPFRD is set when a read or write to 
the SEPDAT register is attempted during a receive op- 
eration. The data reception will be completed and the 
false operation will be ignored. The SFRFRD bit can 
be cleared by software or a reset. Note that the input 
data must be stable during the SEPCLK pulse train. 
The source of the transmitted data during a receive op- 
eration has no control over the clock. 


o 


DO 


LSB 


At the end of either a transmission or reception, the 
SEP interrupt flag SEPIF is set, and if the SEPIE bit 
equals a I then an interrupt is generated. The SEPIF bit 
can be set regardless of the state of the SEPIE bit, but 
SEPIF must be cleared by software. 


The AID interrupt and the Serial Expansion Port inter- 
rupt have been added to the five standard 8XC51 inter- 
rupts for a total of seven. When an AID conversion is 
completed, the AID interrupt flag AIF is set. (AIF is 
located in the ADCON register). When the AID inter- 
rupt vectors to address 0033H, this flag is cleared by 
hardware. The AID interrupt can be enabled or dis- 
abled by the control bit EAI in the IE register (Figure 
7). The priority level can be set by the control bit PAl 
in the IP register (Figure 8). 


At the end of data transmission or reception in the Seri- 
al Expansion Port, the SEP interrupt flag SEPIF is set. 
The SEP interrupt is enabled or disabled by the SEPIE 
bit in the SEPSTA register. The priority level can be set 
by the SEPIP bit in the SEPSTA register. 


inter 


Interrupt 
Enable Register (IE) 


Bit 
7 
6 
5 
4 
3 
2 
1 
0 


IE 
EA 
EAI 
X 
ES 
ET1 
EX1 
ETO 
EXO 
(Read/Write) 
Address 
= A8H 
Reset Value = OOXOOOOOB 
Bit Addressable 


Symbol 
Position 
Function 


EA 
IE.7 
EA = 0: Interrupts 
Globally 
Disabled 


" 


EA = 1: Interrupts 
Enabled by the Individual 
Interrupt Control 
Bits 


EAI 
1E.6 
EAI = 0: AID 
Interrupt 
Disabled 
EAI = 1: AID 
Interrupt 
Enabled if EA = 1 


X 
1E.5 
Reserved 
for 8052 Timer 2 Interrupt 


ES 
lEA 
ES = 0: Serial Port Interrupt 
Disabled 
ES = 1: Serial Port Interrupt 
Enabled if EA = 1 
. 


ET1 
1E.3 
ET1 = 0: Timer 1 Interrupt 
Disabled 
ETO = 1: Timer 1 Interrupt 
Enabled if EA = 1 


EX1 
'E.2 
EX1 = 0: External 
Interrupt 
1 Disabled 
EX1 = 1: External 
Interrupt 
1 Enabled 


. 
if EA = 1 


ETO 
1E.1 
ETO = 0: Timer 0 Interrupt 
Disabled 
ETO = 1: Timer 0 Interrupt 
Enabled if EA = 1 


EXO 
IE.O 
EXO = 0: External 
Interrupt 
0 Disabled 
EXO = 1: External 
Interrupt 0 Enabled 


'. 
" 


ifEA = 1 


Interrupt Priority Register (IP) 


Bit 
7 
6 
5 
4 
3 
2 
1 
0 


IP 
X 
PAl 
X 
PS 
PT1 
PX1 
PTO 
PXO 


(Read/Write) 
Address = B8H 
Reset Value = XOXOOOOOB 
Bit Addressable 


Symbol 
Position 
Function 


X 
IP.7 
Reserved 


PAl 
IP.6 
AID 
Interrupt 
Priority Bit 
PAl = 1: High Priority 
PAl = 0: Low Priority 


X 
IP.5 
Reserved 
for 8052 Timer 2 Interrupt 


PS 
IP.4 
Serial Port Interrupt 
Priority Bit 
PS = 1: High Priority 
PS = 0: Low Priority 
; 


PT1 
IP.3 
Timer 1 Interrupt 
Priority Bit 
PT1 = 1: High Priority 
PT1 = 0: Low Priority 
c 


PX1 
IP.2 
External 
Interrupt 
1 Priority Bit 
PX1 = 1: High Priority 
PX1 = 0: Low Priority 


PTO 
IP.1 
Timer 0 Interrupt 
Priority Bit 
PTO = 1: High Priority 
PTO = 0: Low Priority 
. 


PXO 
IP.O 
External 
Interrupt 0 Priority Bit 
PXO = 1: High Priority 
PXO = 0: Low Priority 


The interrupts are divided into two hardware priority 
levels depending on the. state of the interrupt priority 
bit in the IP register. This divides the interrupts into 
two groups, high and low priority. Also within each 
priority level there is a second priority structure deter- 
mined by the internal polling sequence. These priorities 
are given below. 


Interrupt 
Vector 
Priority 
Source 
Address 
Within Level 


INTO 
0OO3H 
o (Highest) 


TIMER 0 
OOOBH 
1 


AID 
0033H 
2 


INT1 
0013H 
3 


Serial 
003BH 
4 
Expansion 
Port 
" 


TIMER 1 
001BH 
5 


Serial Port 
0023H 
6 (Lowest) 


Note that the vector addresses for the AID and SEP 
interrupts are backwards compatible with the 8XC51 
interrupts. 


The two power reduction 
modes, Idle and Power 
Down, are similar to the 8XC51 with the followi~g ad- 
ditions: 


In addition to the CPU being disabled and the External 
Interrupts, Serial Port, and Timers being enabled dur- 
ing Idle Mode, the AID Converter, Watchdog Timer, 
and the Oscillator Fail Detect circuitry are also en- 
abled. 


During Power Down Mode, all functions are suspended 
while maintaining the status of the CPU, memory, and 
I/O. 
The 
only 
exit 
from 
Power 
Down 
on 
the 
8XC51GA is a hardware reset. Note that the Oscillator 
Fail Detect must be disabled before going into Power 
Down Mode. Otherwise, the OFD logic will cause a 
reset when the oscillator is stopped. This would imme- 
diately bring the part out of Power Down Mode. 


The following table indicates the layout of the Special 
Function Registers including the addresses and initial 
values immediately following reset. 


Note that not all of the addresses are occupied. Unoc- 
cupied addresses are not implemented on the chip. 
Read accesses to these addresses will, in general, return 
random data, and write accesses will have no effect. 


User software should not write Is to these unimple- 
mented locations, since they may be used in future 8051 
products to invoke new features. In that case, the reset 
or inactive values of the new bits will always be 0, and 
their active values will be 1. 
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. 


·B 
SEPSTA 
00000000 
XXXOOOOO 


. 
. 


·ACC 
, 
SEPDAT 
00000000 
XXXXXXXX 


C 


·PSW 
. 
- 
SEPCON 
00000000 
XXOOOOOO 


~. 


·IP 
XOXOOOOO 


·P3 
. 


11111111 


·IE 
OOXOOOOO 


·P2 
OFDCON 
WDTCON 
11111111 
XXXXXXO 
XXXXXXXX 


•SCaN 
•SBUF 
00000000 
XXXXXXXX 
\" 


• P1 
WDTDIS 
WDTUB 
ADCON 


11111111 
XXXXXXXO 
00000000 
XXOOOOOO 


•TCON 
·TMOD 
•TLO 
·TL1 
•THO 
•TH1 
00000000 00000000 
00000000 00000000 00000000 00000000 


• PO 
•SP 
• DPL 
• DPH 
ADRES 
WDTLB 
• PCaN·· 


11111111 00000111 
00000000 00000000 01111111 
00000000 
OXXXOOOO 


NOTES: 


• = Found 
in the 8051 core 
·(See 
8051 
Hardware 
Description 
for explanations 
of these 
SFRs) 


•• = See description 
of PCON SFR. Bit PCON.4 
is not affected 
by reset. 


X = Undefined 
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CHMOS a-BIT MICROCONTROLL.ER 
WITH AID CONVERTER AND 4 KBYTES OF EPROM 
87C51GA-3.5 
MHz to 12 MHz, Vcc = 5V ± 10% 
87C51GA-1-3.5 
MHz to 16 MHz, Vcc = 5V ± 10% 
87C51GA-2-o.5 
MHz to 12 MHz, Vcc = 5V ± 10% 
• 8-Channel 
8-Bit AID 
Converter 
• TTL- and CMOS-Compatible 
Logic 
• Oscillator 
Fail Detect 
• Quick-Pulse 
Programming™ 
• 16-Blt Watchdog 
Timer 
• Full-Duplex 
Serial Channel 
• Synchronous 
Serial Channel 
• 64K External 
Program 
Memory 
Space 
• 2-Level 
Program 
Memory 
Lock 
• 64K External 
Data Memory 
Space 
• Boolean 
Processor 
• Idle and Power 
Down Modes 
• 128-Byte 
Data RAM 
• ONCETM Mode Facilitates 
System 
• 32 Programmable 
I/O 
Lines 
Testing 
• Two 
16-Bit Timer/Counters 
• DIP, CERQUAD 
and PLCC Packaging 
Available 
• 7 Interrupt 
Sources 
Hysteresis 
on Ports 1 and 3 
• 
• High Performance 
CHMOS 
EPROM 
Program 
Memory 
Lock 
• 


The 87C51 GA combines 
all the features 
of the 87C51 with these additional 
enhancements: 
an 8-channel, 
8-bit 
AID 
converter; 
a 16-bit watchdog 
timer; oscillator 
fail detect 
circuitry; 
and a half-duplex 
synchronous 
serial 
port. The 87C51 
family 
features 
include: 
4 Kbytes 
of EPROM; 
128 bytes of RAM; 32 I/O 
lines; two 
16-bit 
programmable 
timer/counters; 
a seven 
source 
two-level 
interrupt 
structure; 
a full-duplex 
serial port; on-chip 
oscillator 
and clock 
circuitry; 
and two power 
reduction 
modes. 
The 80C51 GA is the ROMless 
part and the 
83C51 GA is the masked 
ROM part. 
' 


The 87C51 GA is fabricated 
on Intel's 
CHMOS 
II-E process 
and is functionally 
compatible 
with the standard 
8051 Family of HMOS and EPROM products. 
CHMOS 
II-E is a technology 
which combines 
the high speed and 
density 
characteristics 
of HMOS with the low power attributes 
of CMOS. This combination 
expands 
the effec- 
tiveness 
of the powerful 
8051 architecture 
and instruction 
set. 


The 87C51 GA EPROM array uses a modified 
Quick-Pulse 
Programming 
Algorithm, 
by which the entire 4-Kbyte 
array can be programmed 
in about 12 seconds. 
The on-chip 
Program 
Memory 
is electrically 
programmed 
and 
can be erased 
by exposure 
to ultra-violet 
light. 


The extremely 
low operating 
power, 
along with the two software 
selectable 
reduced 
power 
modes, 
Idle and 
Power 
Down, 
make this part very suitable 
for low power 
applications. 
The Idle mode freezes 
the CPU while 
allowing 
the RAM, timer/counters, 
serial port, AID 
converter, 
watchdog 
timer, oscillator 
fail detect 
and inter- 
rupt system 
to continue 
functioning. 
The Power Down mode saves the RAM contents 
but freezes 
the oscilla- 
tor, causing 
all other chip functions 
to be inoperative. 


r-- 
V~ 
Vss 


~ 
I 


AVREF I 


AV~ 


~ 
I 
I 
I 
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PLCC/CERQUAD 
AVREF 
r 0:r 
AVSS 
(.) 
(.) 
" 
PLO/ACHO 
~~ 
'" 
1:; ••• 
VI .. •... 0 
...• 
Vcc 
(.) 
INDEX 
"': "l 
'" ",:r 
:r :r :r ei e; 
o"l 
;;: ;;: > > 
(.) 
(.) 
0 
0 
00 
0 
Pl.l/ACHI 
PO.O 
CORNER 
..• ..• ..• ..• ..• ..• 
en 
VI 
> ••. ... 


PL2/ACH2 
PO.l 


Pl.3/ACH3 
PO.2 
PL2/ACH2 
PO.2 


PL. 
PO.3 
PL3/ACH3 
PO.3 


PL5 
PO•• 
PL. 
PO•• 


PL6 
PO.5 
PL5 
PO.5 


Pl.7 
PO.6 
PL6 
PO.6 
RST 
PO.7 
PL7 
PO.7 


P3.0/RXO 
EA/Vpp 
RST 
NC 
P3.1jTXO 
ALE/PROG 
P3.0/RXO 
NC 


P3.2/INTO 
PSEN 
P3.1jTXO 
EA/Vpp 
P3.3/INTl 
P2.7 
P3.2/INTO 
ALE/PROG 


P3 .• jTO 
P2.6 
P3.3/INTl 
PSEN 


P3.5jTl 
P2.5 
P3 .• jTO 
P2.7 


P3.6!WR 
P2 .• 
NC 
P2.6 


P3.7/Ri'i 
P2.3 


XTAL2 
P2.2 


XTAL1 
P2.1 
~E.~l~~ 
::i 
t;C! '" 


N 
VI ..• "l 
~ > 
N 
'" '" '" 
N 
~ ~ ~ ~ 
... ... ... ... ... ... 


VSS 
P2.0 
>< 
... ... 


270562-2 
270562-3 


Top View 
Top View 


Part 
Prefix 
Package 
Type 


87C51GAl 
C 
48-Pin Ceramic 
87C51GA-1/ 
P 
48-Pin Plastic 
87C51GA-2 
N 
52-Pin PLCC 
J 
52-Pin Cerquad 


Figure 
2. Pin Connections 


Port 0 is also the multiplexed 
low-order 
address 
and 


data bus during 
accesses 
to external 
Program 
and 


Data Memory. 
In this application 
it uses strong inter- 


nal pull ups when emitting 
1s. 


Vcc: 
Supply voltage 
during normal, 
Idle, and Power 
Down operations. 


Vss: Circuit ground. 


AVREF: Analog 
reference 
voltage. 


Port 
0: Port 0 is an 8-bit open drain bidirectional 
I/O 
port. As an output 
port each pin can sink 8 LS TIL 


inputs. Port 0 pins that have 1s written to them float, 
and 
in that 
state 
can 
be used 
as high-impedance 


inputs. 


Port 0 also receives 
the code bytes during 
EPROM 


programming, 
and 
outputs 
the 
code 
bytes 
during 


program 
verification. 
External 
pullup resistors 
are reo 


quired during program 
verification. 


Port 
1: Port 1 is an 8-bit I/O port with internal 
pull- 


ups on the 4 high-order 
bits which 
can be used for 


normal I/O. The 4 low-order 
bits are shared with 4 of 


the analog 
inputs and as such, are input only. High- 


order 
Port 1 pins that 
have 
1s written 
to them 
are 


pulled high by the internal 
pullups, 
and in that state 


inter 


can be used as inputs. As inputs, Port 1 pins that are 
externally being pulled low will source current (IlL on 
the data sheet) because of the internal pullups. Out- 
puts to the 4 low-order bits have no effect and are 
ignored. Port 1 inputs are equipped with Schmitt trig- 
ger logic with 400 mV of hysteresis and TIL compat- 
ible input specifications. Port 1 I/O is explained in 
the following list: 


P1.7-quasi-bidirectional 
P1.6-quasi-bidirectional 
P1.5-quasi-bidirectional 
P1.4-quasi-bidirectional 
P1.3--digital input! ACH3-Analog 
CHannel 3 
P1.2--digital input! ACH2-Analog 
CHannel 2 
P1.1--digital input!ACH1-Analog 
CHannel 1 
P1.O--digital input! ACHQ-Analog CHannel 0 


Port 1 also receives the low-order address bytes 
during EPROM programming and program verifica- 
tion. 


ACH4-ACH7: 
Analog CHannel 4-7. These are the 
four high-order analog inputs which have dedicated 
input pins. 


Port 2: Port 2 is an 8-bit bidirectional I/O port with 
internal pullups. Port 2 pins that have 1s written to 
them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port 2 
pins that are externally being pulled low will source 
current (IlL, on the data sheet) because of the inter- 
nal pullups. 


Port 2 emits the high-order address byte during 
fetches from external Program memory and during 
accesses to external Data Memory that use 16-bit 
addresses (MOVX @DPTR). In this application it 
uses strong internal pullups when emitting 1s. 


During accesses to External Data Memory that use 
8-bit addresses (MOVX @Ri),Port 2 emits the con- 
tents of the P2 Special Function Register. 


Port 2 also receives some control signals and the 
high-order address bits during EPROM programming 
and program verification. 


Port 3: Port 3 is an 8-bit bidirectional I/O port with 
internal pullups. Port 3 pins that have 1s written to 
them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port 3 
pins that are externally being pulled low will source 
current (IlL. on the data sheet) because of the pull- 
ups. Port 3 inputs are equipped with Schmitt Trigger 
logic with 400 mV of hysteresis and TIL compatible 
input specifications. 


Port 3 also serves the functions of various special 
features of the 8051 Family, as listed below: 


Pin 
Name 
Alternate 
Function 


P3.0 
RXD 
Serial Input Line 
P3.1 
TXD 
Serial Output Line 
P3.2 
INTO 
External Interrupt 0 
P3.3 
INT1 
External Interrupt 1 
P3.4 
TO 
Timer 0 External Input 
P3.5 
T1 
Timer 1 External Input 
P3.6 
WR 
External Data Memory Write Strobe 
P3.7 
RD 
External Data Memory Read Strobe 


SEPIO: Serial Expansion Port I/O bit. This bit is an 
output for transmission and an input for reception of 
half-duplex synchronous serial data. 


SEPCLK: Serial Expansion Port Clock (Output-only). 
This clocking signal is an output for transmission 
and reception of synchronous serial data. 


RST: Reset Input. A logic high on this pin resets the 
device. An internal pulldown resistor permits a pow- 
er-on reset to be generated using only an external 
capacitor to Vcc. 


ALE/PROG: 
Address Latch Enable output signal for 
latching the low byte of the address during accesses 
to external memory. This pin is also the program 
pulse input (PROG) during EPROM programming. 


In normal operation ALE is emitted at a constant 
rate of 116 the oscillator frequency, and may be used 
for external timing or clocking purposes. Note, how- 
ever, that one ALE pulse is skipped during each ac- 
cess to External Data Memory. 


PSEN: Program Store Enable is the Read strobe to 
External Program Memory. When the 87C51GA is 
executing from Internal Program Memory, PSEN is 
inactive (high). When the device is executing code 
from External Program Memory, PSEN is activated 
twice each machine cycle, except that two PSEN 
activations are skipped during each access to Exter- 
nal Data Memory. 


EA/Vpp: 
External Access 
Enable. EA must be 
strapped to Vss in order to enable the 87C51GA to 
fetch code from External Program Memory locations 
starting at OOOOHup to FFFFH. Note, however that if 
either of the Lock Bits is programmed, the logic level 
at EA is internally latched during reset. 


EA must be strapped to Vcc for internal program 
execution. 


This pin also receives the 12.75V programming sup- 
ply voltage (Vpp) during EPROM programming. 


XTAL 1: Input to the inverting oscillator amplifier and 
input to the internal clock generating circuits. 


XT AL2: Output from the inverting oscillator amp- 
lifier. 


XTAL1 and XTAL2 are the input and output, respec- 
tively, of an inverting amplifier which can be config- 
ured for use as an on-chip oscillator, as shown in 
Figure 3. 


To drive the device from an external clock source, 
XTAL1 should be driven, while XTAL2 is left uncon- 
nected, as shown in Figure 4. There are no require- 
n:'entson the duty cycle of the external clock signal, 
sInce the input to the internal clocking circuitry is 
through a divide-by-two flip-flop, but minimum and 
maximum high and low times specified on the data 
sheet must be observed. 


In Idle Mode, the CPU puts itself to sleep while all 
the on-chip peripherals remain active. The mode is 
invoked by software. The content of the on-chip 
RAM and all the Special Function Registers remain 


EXTERNAL 
OSCILLATOR 
SIGNAL 


unchanged during this mode. The Idle Mode can be 
terminated by any enabled interrupt or by a hard- 
ware reset. Note that the Watchdog Timer is active 
during Idle Mode. See Design Considerations. 


In Power Down Mode, the oscillator is stopped and 
all on-chip functions cease except that the on-chip 
RAM content is maintained. The mode is invoked by 
software. The Oscillator Fail Detect circuitry should 
be disabled before entering Power Down. 


The Power Down Mode can be terminated only by a 
hardware reset. The reset should not be activated 
before Vcc is restored to its normal operating level 
and must be held active long enough to allow the 
oscillator to restart and stabilize. 


The AID 
Converter is an a-bit successive approxi- 


mation device with the following features: 


a User Selectable Analog Input Channels 
User Selectable Internal Sample and Hold 
User Selectable Conversion Speed Control 
Nominal Conversion Speed: 22 /Ls at 12 MHz 
Accuracy ± 1 LSB (LSB = 20 mY) 
Input Signal Range, Nominally OVto 5V 
(AVSSto VREF) 
Interrupt Driven 


Mode 
Program 
ALE 
PSEN 
PortO 
Port 1 
Memory 
Port 2 
Port 3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power Down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power Down 
External 
0 
0 
Float 
Data 
Data 
Data 
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controlled 
by reads and writes to the Special 
Func- 
tion 
Registers. 
Refer 
to the 
"Hardware 
Description 
of the 8XC51GA" 
for further 
information. 


The Watchdog 
Timer provides 
the ability to recover 
from 
hardware 
or software 
malfunctions 
by forcing 
the part into reset. It has the following 
features: 


16-bit Synchronous 
Counter; 
Counts 
Machine 
Cycles 
Asynchronous 
Reset when Counter 
= FFFFH 
(65.5 ms at 12 MHz) 
Cleared 
and Initiated 
by Reset or Software 
Clear 
Operates 
in Normal 
and Idle Mode 


The Oscillator 
Fail Detect 
circuitry 
triggers 
a reset if 
the oscillator 
frequency 
is lower than the OFD trig- 
ger frequency. 
It can be disabled 
by software 
during 
Power Down Mode and has the following 
features. 


OFD Trigger 
Frequency: 
20 KHz to 400 KHz 
Asynchronous 
Reset for at Least 4 Machine 
Cycles 
Functions 
in Normal and Idle Modes 
Reactivated 
by Reset after Software 
Disable 


The Serial 
Expansion 
Port is a half-duplex 
synchro- 
nous serial interface 
with the following 
features: 


Four Clock 
Frequencies 
-XTAL/12 
-XTAL/24 
-XTAL/48 
-XTAL/96 


Four Interface 
Modes 
-Rising 
Edges 
-Falling 
Edges 
-High 
Level 
-Low 
Level 


Interrupt 
Driven 


The ONCE ("On-Circuit 
Emulation") 
Mode facilitates 
testing 
and 
debugging 
of 
systems 
using 
the 
87C51GA 
without 
the 
87C51GA 
having 
to 
be re- 


moved from the circuit. The ONCE Mode is invoked 
by: 


1. Pulling ALE low while 
the device 
is in reset and 
PSEN is high; 


2. Holding 
ALE low as RST is deactivated. 


While the device 
is in the ONCE 
Mode, 
the Port 0 
pins go into a float state, and the other port pins and 
ALE and PSEN are weakly 
pulled 
high. The oscilla- 


tor circuit 
remains 
active. 
While the 87C51GA 
is in 
this mode, an emulator 
or test CPU can be used to 
drive the circuit. 
Normal 
operation 
is restored 
when 
a normal 
reset is applied. 


It should be noted that when Idle Mode is terminated 
by a hardware 
reset, 
the device 
normally 
resumes 
program 
execution, 
from where 
it left off, up to two 
machine 
cycles 
before 
the internal 
reset 
algorithm 
takes 
control. 
On-chip 
hardware 
inhibits 
access 
to 
internal 
RAM in this event, 
but access 
to the 
port 
pins is not inhibited. To eliminate 
the possibility 
of an 
unexpected 
write to a port pin when Idle is terminat- 
ed by reset, 
the 
instruction 
following 
the 
one 
that 
invokes 
Idle should 
not be one that writes to a port 
pin or to external 
memory. 


During Idle Mode, the Watchdog 
Timer must periodi- 
cally 
be reset 
under 
program 
control 
to hold off a 
Watchdog 
timeout 
from generating 
a device 
reset. 


Ambient 
light is known to affect the internal 
memory 
contents 
during operation. 
If the 87C51GA 
applica- 
tion requires 
the part to be run under ambient 
light- 


ing, an opaque 
label should 
be placed over the win- 
dow to exclude 
light. 


In this device, ports are reset asynchronously: 
Port 0 
resets to a high impedance 
(floating) 
and Ports 1.4- 


1.7, Port 2 and PQrt 3 reset to an output high even in 
the absence 
of an active 
internal 
clock. 
The 8 ana- 


log inputs, 
ACHO-7, 
are input-only 
high-impedance 
(tri-state) 
inputs. 
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Ambient 
Temperature 
under Bias 
.... 
O·C to + 70·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage on Any Pin to Vss 
-0.5V 
to Vcc 
+ 0.5V 


Voltage 
on Vcc to Vss 
-0.5V 
to + 6.5V 


Maximum 
IOL per I/O Pin 
15 mA 


Power Dissipation 
1.0W· 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE: Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Limits 
Unit 
Test Conditions 
Mln 
Max 


VT+ 
High-Going 
Threshold 
(Ports 1, 3) 
1.1 (3) 
2.0 
V 


VT- 
Low-Going 
Threshold 
(Ports 1, 3) 
0.6 
1.2 (3) 
V 
. 


VHYS 
Hysteresis 
(Ports 1, 3) 
0.4(3) 
V 


VIL 
Input Low Voltage 
(except 
EA) 
'" 
-0.5 
0.2Vcc 
- 
0.1 
V 


VIL1 
Input Low Voltage 
(EA) 
-0.5 
0.2Vcc 
- 
0.3 
V 
, 


VIH 
Input High Voltage 
0.2Vcc 
+ 0.9 
Vcc 
+ 0.5 
V 
(exceptXTAL1, 
RST) 


VIH1 
Input High Voltage 
0.7 Vcc 
Vcc 
+ 0.5 
V 
(XTAL 1, RST) 


VOL 
Output Low Voltage 
(4) 
0.3 
V 
IOL = 100 p..A(1) 
(Ports 1, 2, 3) 
0.45 
V 
IOL = 1.6 mA (1) 


1.0 
V 
IOL = 3.5 mA (1) 


VOL1 
Output Low Voltage 
(4) 
0.3 
V 
IOL = 200 p..A(1) 


(Port 0, ALE, PSEN) 
0.45 
V 
IOL = 3.2 mA (1) 


1.0 
V 
IOL = 7mA(1) 


VOH 
Output High Voltage 
Vcc 
- 
0.3 
V 
IOH = -10 
p..A 
(Ports 1, 2, 3) 
Vcc 
- 
0.7 
V 
IOH = -30p..A 


Vcc 
- 
1.5 
V 
IOH = -60 
p..A 


VOH1 
Output High Voltage 
Vcc 
- 
0.3 
V 
IOH = -200 
p..A 
(Port 0 in EX1Bus Mode, 
Vcc 
- 
0.7 
V 
IOH = -3.2 
mA 
ALE, PSEN) (2) 
Vcc 
- 
1.5 
V 
IOH = -6.5mA 


IlL 
Logical 0 Input Current 
-50 
p..A 
VIN = 0.45V 
(Ports 1, 2, 3) 


ITL 
Logical 1 to 0 Transition 
-650 
/-LA 
VIN = 2V 
(Ports 1, 2, 3) 
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Symbol 
Parameter 
Limits 
Unit 
Test Conditions 
Mln 
Max 


Iu 
Input Leakage Current 
±10 
p.A 
o < VIN < Vcc 
- 
0.3V 
(Ports 0, EA) 


IU1 
Input Leakage Current 
±3 
p.A 
0< 
VIN < VREF 
(ACHO-7) 


RRST 
Reset Pulldown 
Resistor 
50 
225 
KO 


CIO 
Pin Capacitance 
10 
pF 
Test Freq. = 1 MHz 
TA = 25°C 


Power Supply Current 


Icc 
Operating, 
12 MHz (5) 
40 
mA 


IDL 
Idle Mode, 12 MHz (5) 
10 
mA 
(5) 


IpD 
Power Down Mode 
TBD 
p.A 


IREF 
Reference 
Voltage = 5.12V 
10 
mA 


NOTES: 
1. Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the VOlS of ALE and Ports 
1 and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 
1-to-0 transitions during bus operations. In the worst case (capacitive loading> 
100 pF), the noise pulse on the ALE line 
may exceed O.BV.In such cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a 
Schmitt Trigger STROBE input. 
2. During reset, VOH1for ALE and J5SEN may fall below the specified value. 
3. VT+ minand VT- maxcannot occur together in the same part as hysteresis is guaranteed to be 400 mV Minimum. See 
Figure 5. 
4. Under steady state (non-transient) conditions, IOl must be externally limited as follows: 
Maximum IOl per port pin: 
10 mA 
Maximum IOl per B-bitport - 
PortO: 
26 mA 
Ports 1, 2, and 3: 
15 mA 
Maximum totallOl for all output pins: 
71 mA 


If IOl exceeds the test condition, VOL may exceed the related specification. 
Pins are not guaranteed to sink current greater than the listed test conditions. 
5. See Figure 6. 
6. See Figures 7 through 10 for Icc test conditions. Minimum Vcc for Power Down mode is 2.0V. 
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o 
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LOW vcc (4.5 V) 


HIGH 
TEt.4P 
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XTAl2 
XTAll 


VSS 


lee Max at other 
frequencies 
is given 
by: 
Active 
Mode 
Ice MAX = 3.0 x FREQ + 4.1 
Idle Mode 
lee MAX = 0.65 x FREQ + 2.1 
Where 
FREQ 
is in MHz, 
lee Max is given 
in mA. 


Figure 6. Ice vs Frequency 
valid only within 
frequency 
specifications 
of the device under 
test. 


Figure 7. Ice Test Condition, 
Active 
Mode. 
All other pins are disconnected. 


XTAl2 
XTAll 
vss 


XTAl2 
XTAl1 
vss 


Figure 8. Ice Test Condition, 
Idle Mode. 
All other pins are disconnected. 
Figure 10. Ice Test Condition, 
Power Down Mode. Vee = 2.0V to 5.5V 


VCC-005·------ 
0.7 Vcc 
0045V 
002 Vce-O.l 
TCHCl 
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Explanation 
of the AC Symbols 


Each timing symbol 
has 5 characters. 
The first char- 
acter 
is always 
a "T" 
(stands 
for time). 
The other 


characters, 
depending 
on their positions, 
stand 
for 


the 
name 
of a signal 
or the 
logical 
status 
of that 
signal. The following 
is a list of all the characters 
and 
what they stand for. 


L: Logic level LOW, or ALE 
P: PSEN 
Q: Output 
data 
R: RD signal 
T: Time 
V: Valid 
W:WR 
signal 
X: No longer a valid logic level 
Z: Float 


A: Address 
C: Clock 
D: Input data 
H: Logic level HIGI:i 
I: 
Instruction 
(program 
memory 
contents) 


Example: 


TAVLL 
= Time for Address 
Valid to ALE Low. 


TLLPL = Time for ALE Low to PSEN Low. 


TA = O·Cto 
+70·C,Vcc 
= 5V ±10%,Vss 
= OV,loadcapacitanceforportO,ALE,andPSEN 
= 100pF, 
load capacitance 
for all other outputs 
= 80 pF 


Symbol 
Parameter 
12 MHz Clock 
Variable 
Clock 
Unit 
Mln 
Max 
Mln 
Max 


1/TCLCL 
Oscillator 
Freqquency 
87C51GA 
3.5 
12 
87C52GA-1 
3.5 
16 
MHz 
87C51GA-2 
0.5 
12 


TLHLL 
ALE Pulse Width 
127 
2 TCLCL 
- 
40 
ns 


TAVLL 
Address 
Valid to ALE Low 
43 
TCLCL 
- 
40 
ns 


TLLAX 
Address 
Hold after ALE Low 
53 
TCLCL 
- 
30 
ns 


TLLlV 
ALE Low to Valid Instr In 
234 
4 TCLCL 
- 
100 
ns 


TLLPL 
ALE Low to PSEN Low 
53 
TCLCL 
- 
30 
ns 


TPLPH 
PSEN Pulse Width 
205 
3 TCLCL 
- 
45 
ns 


TPLIV 
PSEN Low to Valid Instr In 
145 
3 TCLCL 
- 
105 
ns 


TPXIX 
Input Instr Hold after PSEN 
0 
0 
ns 


TPXIZ 
Input Instr Float after PSEN 
59 
TCLCL 
- 
25 
ns 


TAVIV 
Address 
to Valid Instr In 
312 
5 TCLCL 
- 
105 
ns 


TPLAZ 
PSEN Low to Address 
Float 
10 
10 
ns 


TRLRH 
RD Pulse Width 
400 
6 TCLCL 
- 
100 
ns 


TWLWH 
WR Pulse Width 
400 
6 TCLCL 
- 
100 
ns 


TRLDV 
RD Low to Valid Data In 
252 
5 TCLCL 
- 
165 
ns 


TRHDX 
Data Hold after RD 
0 
0 
ns 


TRHDZ 
Data Float after RD 
107 
2 TCLCL 
- 
60 
ns 


TLLDV 
ALE Low to Valid Data In 
517 
8 TCLCL 
- 
150 
ns 


TAVDV 
Address 
to Valid Data In 
585 
9 TCLCL 
- 
165 
ns 


Symbol 
Parameter 
12MHzClock 
Variable 
Clock 
Unit 
Mln 
Max 
Min 
Max 


TLLWL 
ALE Low to RD or WR Low 
200 
300 
3 TCLCL 
- 
50 
3 TCLCL + 50 
ns 


TAVWL 
Address 
Valid to RD or WR Low 
203 
4 TCLCL 
- 
130 
ns 


TOVWX 
Data Valid to WR Transition 
33 
TCLCL 
- 
50 
ns 


TWHOX 
Data Hold after WR 
33 
TCLCL 
- 
50 
ns 


TRLAZ 
RD Low to Address 
Float 
0 
0 
ns 


TWHLH 
RD or WR High to ALE High 
43 
123 
TCLCL 
- 
40 
TCLCL + 40 
ns 


TOVWH 
Data Valid to WR High 
433 
7TCLCL 
- 
150 
ns 


TLLDV 
'I 
TRLRH 


TAVDV 


P2.0-P2.7 
OR A8-A15 
FROM DPH 
A8-A15 
FROM PCH 


270562-12 


,ROM RI OR OPL 


TAVWL 


TQVWH 


DATA OUT 


A.C. TESTING 
INPUT: 
INPUT, 
OUTPUT 
WAVEFORMS 


OUTPUT AC LEVELS 


~VCC 


~Ov 


270562-16 
:x:: 


2.4V 


0.45V 


Input timings are driven at 2.4V for a logic "1" and 0.45V for a 
logic "0". Output timing measurements are made at 0.7 Vee for a 
logic "1" and O.BVfor a logic "0". 


Symbol 
Parameter 
Mln 
Max 
Unit 


1/TClCl 
Oscillator 
Frequency 
87C51GA 
3.5 
12 


87C51GA-1 
3.5 
16 
MHz 


87C51GA-2 
0.5 
12 


TCHCX 
High Time 
20 
ns 


TClCX 
low 
Time 
20 
ns 


TClCH 
Rise Time 
20 
ns 


TCHCl 
Fall Time 
20 
ns 


VLOAO+O.t v 
VOH-O.l 
v 


vLOAO 
--- 
TIMING RE,ERENCE< 


--- 
POINTS 
VLOAO-O.l 
V 
VOL+O.l 
V 


270562-17 


For timing purposes a port pin is no longer floating when a 100 
mV change from load voltage occurs. and begins to float when a 
100 mV change from the loaded VOHIVOLlevel occurs. IOL/IOH 
~ ±20 mA. 


inter 


SERIAL 
TIMING-SHIFT 
REGISTER 
MODE 
Test Conditions: 
TA = O·C to 70·C; Vcc = 5V ± 10%, Vss = OV; Load Capacitance 
= 80 pF 


Symbol 
Parameter 
12 MHzOsc. 
Variable 
Oscillator 
Unit 
Mln 
Max 
Mln 
Max 


TXLXL 
Serial Port Clock Cycle Time 
1.0 
12 TCLCL 
JJ-s 


TQVXH 
Output Data Setup to Clock Rising Edge 
700 
10 TCLCL 
- 
133 
ns 


TXHQX 
Output 
Data Hold after Clock Rising Edge 
50 
2 TCLCL 
- 
117 
~ 


ns 


TXHDX 
Input Data Hold after Clock Rising Edge 
0 
0 
ns 


TXHDV 
Clock Rising Edge to Input Data Valid 
700 
10 TCLCL 
- 
133 
ns 


INSTRUCTION I 


ALE 


I 
WRITE TO SBur 


INPUT DATA 


t 
SET RI 
270562-15 
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An AID 
Glossary 
of Terms 
is available 
at the end of 
this data sheet. 


Vcc, VREF 
······················ 
.4.5V to 5.5V 


VSS, AVss 
OV 


ACHO-7 
AVss to VREF 


TA .••.••.••.•••••.••.••..•.•••.•• 
O·C to + 70·C 


FOSC 
0.5 MHz to 16.0 MHz 


Test Conditions: 
VREF 
5.12V 
Vcc 
5.0V 


The absolute 
conversion 
accuracy 
is dependent 
on 
the accuracy 
of VREF. The specifications 
given be- 
low assume 
adherence 
to the Operating 
Conditions 
section 
of 
this 
data 
sheet. 
Testing 
is 
done 
at 
VREF = 5.12V. 


Parameter 
Minimum 
Typical 
Maximum 
Unit·· 
Notes 


Resolution 
256 
256 
Levels 
8 
8 
Bits 


Absolute 
Error 
0 
±1 
LSB 


Full Scale Error 
-0.5 
± 0.5 
LSB 


Zero Offset Error 
±0.5 
LSB 


Non-Linearity 
0 
±1 
LSB 


Differential 
Non-Linearity 
0 
±% 
LSB 


Channel-to-Channel 
Variation 
0 
±0.4 
LSB 


Repeatability 
±0.25 
LSB 


Temperature 
Coefficients: 
Offset 
0.003 
LSBrC 
1 
Full Scale 
0.003 
LSBrC 
1 
Differential 
Non-Linearity 
0.003 
LSBrC 
1 


Off Isolation 
-60 
dB 
1,2,3 


Feedthrough 
-60 
dB 
1,2 


Vcc Power Supply Rejection 
-60 
dB 
1,2 


Input Resistance 
1K 
5K 
n 
1 


D.C. Input Leakage 
0 
3.0 
)LA 


NOTES: 
• These 
values 
are expected 
for most parts at 25'C 
•• An "LSB", 
as used here, has a value of approximately 
20 mY. 
1. These 
values 
are not tested 
in production 
and are based 
on theoretical 
estimates 
and laboratory 
tests. 


2. DC to 100 KHz 
3. Multiplexer 
Break·Before-Make 
Guaranteed. 
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tify the device 
as an 87C51GA 
manufactured 
by In- 


tel. 


The 87C51 GA is programmed 
by a modified 
Quick- 
Pulse 
Programming 
algorithm. 
It differs 
from 
older 
methods 
in the value 
used 
for Vpp (Programming 
Supply Voltage) 
and in the width and number 
of the 
ALE, PROG pulses. 


Table 2 shows the logic levels for reading the signa- 
ture byte, and for programming 
the Program 
Memo- 


ry, the Encryption 
Table, and the Lock Bits. The cir- 


cuit 
configuration 
and 
waveforms 
for 
Quick-Pulse 


Programming 
are shown 
in Figures 
11 and 12. Fig- 


ure 
13 shows 
the 
circuit 
configuration 
for 
normal 


Program 
Memory 
verification. 


The 87C51GA 
contains 
two signature 
bytes that can 
be read and used by an EPROM 
programming 
sys- 
tem to identify the device. The signature 
bytes iden- 


Table 
2. EPROM Programming 
Modes 


Mode 
RST 
PSEN 
ALEI 
EAI 
P2.7 
P2.6 
P3.7 
P3.6 
PROG 
Vpp 


Read Signature 
1 
0 
1 
1 
0 
0 
0 
0 


Program Code Data 
1 
0 
O' 
Vpp 
1 
0 
1 
1 


Verify Code Data 
1 
0 
1 
1 
0 
0 
1 
1 


Pgm Encryption 
Table 
1 
0 
O' 
Vpp 
1 
0 
1 
0 


Pgm Lock Bit 1 
1 
0 
O' 
Vpp 
1 
1 
1 
1 


Pgm Lock Bit 2 
1 
0 
O' 
Vpp 
1 
1 
0 
0 


NOTES: 
"1" = Valid high for that pin 
"0" 
= Valid low for that pin 


"Vpp" = + 12.75V ±0.25V 
*ALE/PROG receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 100 ,,"S (±5 
,,"s)and high for a minimum of 10 ,,"s. 


AO-A7 
Pl 
PGt.4DATA 


RST 
D/vpp 
+12.75V 


P3.6 
ALE/PROG 
25 100}'s 
PULSES TO GND 


87C51GA 
PSEN 
0 


P3.7 
P2.7 


XTAL2 
P2.6 
0 


XTAL 1 


vss 


1 I' 
25 
PULSES------'1 


ALE/PROG:~-----~ 


'"-------' 


1 "-. 
IO}'> ljlN11 
~~~t:1 


ALE/PROG:---o-I 
••• 
n... 
...n... _ 


AO-A7 
PI 


RST 
!A/Vpp 


P3.6 
ALE/PROG 


87C51GA 
ISSEN 


P3.7 
P2.7 


XTAL2 
P2.6 


Quick-Pulse 
Programmlng™ 


The setup for Microcontroller Quick-Pulse Program- 
ming is shown in Figure 11. Note that the 87C51GA 
is running with a 4 MHz to 6 MHz oscillator. The 
reason the oscillator must be running is that the de- 
vice is executing internal address and program data 
transfers. 


The address of the EPROM location to be pro- 
grammed is applied to Ports 1 and 2, as shown in 
Figure 11. The code byte to be programmed into 
that location is applied to Port O. RST, PSEN, and 
pins of Ports 2 and 3 specified in Table 2 are held at 
the "Program Code Data" levels indicated in Table 
2. Then ALE/PROG 
is pulsed low 25 times as 
shown in Figure 12. 


To program the Encryption Table, repeat the 25- 
pulse 
programming 
sequence 
for 
addresses 
0 


XTAL 1 


Vss 


through 1FH, using the "Pgm Encryption Table" lev- 
els. Don't forget that after the Encryption Table is 
programmed, verify cycles will produce only encrypt- 
ed data. 


To program the Lock Bits, repeat the 25-pulse pro- 
gramming sequence using the "Pgm Lock Bit" lev- 
els. After one Lock Bit is programmed, further pro- 
gramming of the Code Memory and Encryption Ta- 
ble is disabled. However, the other Lock Bit can still 
be programmed. 


Note that the EAlVpp pin must not be allowed to go 
above the maximum speCified Vpp level for any 
amount of time. Even a narrow glitch above that volt- 
age level can cause permanent damage to the de- 
vice. The Vpp source should be well regulated and 
free of glitches and overshoot. 


If Lock Bit 2 has not been programmed, 
the on-chip 
Program 
Memory 
can be read out for program 
verifi- 
cation. The address of the Program Memory 
location 
to be read is applied 
to Ports 1 and 2 as shown 
in 
Figure 
13. The 
other 
pins 
are 
held 
at the 
"Verify 
Code 
Data" 
levels 
indicated 
in Table 
2. The 
con- 
tents 
of the addressed 
location 
will be emitted 
on 
Port O. External 
pullups 
are required 
on Port 0 for 
this 
operation. 
Detailed 
timing 
specifications 
are 
shown 
in later sections 
of this data sheet. 


If the Encryption 
Table 
has been programmed, 
the 
data presented 
at Port 0 will be the Exclusive 
NOR 
of the program 
byte with one of the encryption 
bytes. 
The 
user 
will 
have 
to know 
the 
Encryption 
Table 
contents 
in order to correctly 
decode 
the verification 
data. The Encryption 
Table itself cannot 
be read out. 


Any algorithm 
in agreement 
with the conditions 
list- 
ed in Table 2, and which satisfies 
the timing specifi- 
cations, 
is suitable. 


The two-level 
Program 
Lock system 
consists 
of two 
Program 
Lock 
bits and a 32 byte Encryption 
Array 
which 
are 
used 
to 
protect 
the 
program 
memory 
against 
software 
piracy. 


Encryption 
Array 


Within the EPROM array are 32 bytes of Encryption 
Array that are initially unprogrammed 
(all 1's). Every 
time that a byte is addressed 
during a verify, 
5 ad- 
dress lines are used to select 
a byte of the Encryp- 
tion 
Array. 
This 
byte 
is 
then 
exclusive-NOR'ed 
(XNOR) 
with the code 
byte, creating 
an Encrypted 
Verify 
byte. The algorithm, 
with the array in the un- 
programmed 
state (all 1's), will return the code in it's 
original, 
unmodified 
form. 


Program 
Lock Bits 


Also included 
in the EPROM 
Program 
Lock scheme 
are two 
Program 
Lock 
Bits which 
are programmed 
as shown 
in Table 2. 


Table 
3 outlines 
the 
features 
of programming 
the 
Lock Bits. 


Erasing the EPROM 
also erases 
the Encryption 
Ar- 
ray and the Program 
Lock Bits, returning 
the part to 
full functionality. 


Program 
Lock Bits 
Logic Enabled 
LB1 
LB2 


U 
U 
No Program 
Lock features 
enabled. 
(Code Verify will still be 
encrypted 
by the Encryption 
Array.) 


P 
U 
MOVe 
instructions 
executed 
from 
external 
program 
memory ,are 


I· 


disabled 
from fetching 
code bytes 
from internal 
memory, 
EA is 
sampled 
and latched on reset, 
and further programming 
of the 
EPROM is disabled. 


P 
P 
Same as above, but Verify is also 
disabled. 


U 
P 
Reserved 
for Future Definition. 


Reading the Signature 
Bytes 


The signature 
bytes are read by the same procedure 
as a normal verification 
of locations 
030H and 031 H, 
except 
that P3.6 and P3.7 must be pulled to a logic 
low. The values 
returned 
are: 


(030H) = 89H indicates 
manufactured 
by Intel 
(031H) = 60H indicates 
87C51GA 


Erasure 
of the 
EPROM 
begins 
to occur 
when 
the 
chip 
is exposed 
to 
light 
with 
wavelengths 
shorter 
than approximately 
4,000A. 
Since sunlight 
and fluo- 
rescent 
lighting 
have wavelengths 
in this range, ex- 
posure to these light sources 
over an extended 
time 
(about 
1 week 
in sunlight, 
or 3 years 
in room 
level 
fluorescent 
lighting) 
could 
cause 
inadvertent 
era- 
sure. 
If an application 
subjects 
the 
device 
to this 
type of exposure, 
it is suggested 
that an opaque 
la- 
bel be placed over the window. 


The 
recommended 
erasure 
procedure 
is exposure 
to ultraviolet 
light (at 2537A) to an integrated 
dose of 
at least 15 W-sec/cm2. 
Exposing 
the EPROM 
to an 
ultraviolet 
lamp of 12,000 
IJoW/cm2 rating for 20 to 
30 minutes, 
at a distance 
of about 
1 inch, should 
be 
sufficient. 
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EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


TA = 21°C to 27°C, VCC = 5V ± 10% VSS = OV 


Symbol 
Parameter 
Mln 
Max 
Unit 


Vpp 
Programming 
Supply Voltage 
12.5 
13.0 
V 


Ipp 
Programming 
Supply Current 
50.0 
mA 


1/TCLCL 
Oscillator 
Frequency 
4 
6 
MHz 


TAVGL 
Address 
Setup to PROG Low 
48 TCLCL 


TGHAX 
Address 
Hold after PROG 
48 TCLCL 


TDVGL 
Data Setup to PROG Low 
48 TCLCL 


TGHDX 
Data Hold after PROG 
48 TCLCL 


TEHSH 
P2.7 (ENABLE) 
HIGH to Vpp 
48 TCLCL 


TSHGL 
Vpp Setup to PROG Low 
10 
JJ-s 


TGHSL 
Vpp Hold after PROG 
. 
10 
JJ-s 


TGLGH 
PROGWidth 
95 
105 
JJ-s 


TAVQV 
Address 
to Data Valid 
48 TCLCL 


TELQV 
ENABLE 
Low to Data Valid 
48 TCLCL 


TEHQZ 
Data Float after ENABLE 
0 
48 TCLCL 


TGHGL 
PROG High to PROG Low 
10 
JJ-s 


TGHDX 


TGHAX 


_ 
___ 
~ •...•. TEHSH 
P2.7 
(ENABLE) 
TELOV1"""- 
]..--T-E-HO-Z---- 
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Absolute Error-The 
maximum difference between 
corresponding actual and ideal code transitions. Ab- 
solute Error accounts for all deviations of an actual 
converter from an ideal converter. 


Actual Characteristic-The 
characteristic of an ac- 
tual converter. The characteristic of a given convert- 
er may vary over temperature, supply voltage, and 
frequency conditions. An actual characteristic rarely 
has ideal first and last transition locations or ideal 
code widths. It may even vary over multiple conver- 
sions under the same conditions. 


Break-Before-Make- 
The property of a multiplexer 
which guarantees that a previously selected channel 
will be deselected before a new channel is selected 
(e.g. the converter will not short inputs together). 


Channel- To-Channel 
Matching-The 
difference 
between corresponding code transitions of actual 
characteristics taken from different channels under 
the same temperature, voltage and frequency condi- 
tions. 


Characteristic-A 
graph of input voltage versus the 
resultant output code for an AID 
converter. It de· 
scribes the transfer function of the AID 
converter. 


Code-The 
digital value output by the converter. 


Code Center-The 
voltage corresponding to the 
midpoint between two adjacent code transitions. 


Code Transition-The 
point at which the converter 
changes from an output code of Q, to a code of 
Q + 1. The input voltage corresponding to a code 
transition is defined to be that voltage which is 
equally likely to produce either of two adjacent 
codes. 


Code Width-The 
voltage corresponding to the dif- 
ference between two adjacent code transitions. 


D.C. Input 
Leakage-Leakage 
current to ground 
from an analog input pin. 


Differential 
Non-Linearity- 
The 
difference 
be- 
tween the ideal and actual code widths of the termi- 
nal based characteristic. 


Feedthrough-Attenuation 
of a voltage applied on 
the selected channel of the AID Converter after the 
sample window closes.. 


Full Scale Error-The 
difference between the ex- 
pected and actual input voltage corresponding to 
the full scale code transition. 


Ideal Characteristic-A 
characteristic with its first 
code transition at VIN = 0.5 LSB, its last code tran- 
sition at VIN = (VREF - 
1.5 LSB) and all code 
widths equal to one LSB. 


Input Resistance-The 
effective series resistance 
from the analog input pin to the sample capacitor. 


LSB-Least 
Significant 
Bit: The voltage corre- 
sponding to the full scale voltage divided by 2n, 
where n is the number of bits of resolution of the 
converter. For an 8-bit converter with a reference 
voltage of 5.12V, one LSB is 20 mY. Note that this is 
different than digital LSBs since an uncertainty of 
two LSBs, when referring to an AID 
converter, 


equals 40 mY. (This has been confused with an un· 
certainty of two digital bits, which would mean four 
counts, or 80 mV.) 


Monotonic-The 
property of successive approxi- 
mation converters which guarantees that increasing 
input voltages produce adjacent codes of increasing 
value, and that decreasing input voltages produce 
adjacent codes of decreasing value. 


No Missed Codes-For 
each and every output 
code, there exists a unique input voltage range 
which produces that code only. 


Non-Linearity- 
The maximum deviation of code 
transitions of the terminal based characteristic from 
the corresponding code transitions of the ideal char- 
acteristic. 


Off-Isolation-Attenuation 
of a voltage applied on a 
deselected channel of the AID 
converter. (Also re- 
ferred to as Crosstalk.) 


Repeatability-The 
difference 
between 
corre- 
sponding code transitions from different actual char- 
acteristics taken from the same converter on the 
same channel at the same temperature, voltage and 
frequency conditions. 


Resolution-The 
number of input voltage levels 
that the converter can unambiguously distinguish 
between. Also defines the number of useful bits of 
information which the converter can return. 


Sample Delay-The 
delay from receiving the start 
conversion 
signal to when the sample window 
opens. 


sample 
Delay Uncertainty-The 
variation in the 
sample delay. 


Sample Time-The 
time that the sample window is 
open. 


Sample Time Uncertainty-The 
variation in the 
sample time. 


Sample Window-Begins 
when the sample capaci- 
tor is attached to a selected channel and ends when 
the sample capacitor is disconnected from the se- 
lected channel. 


Successive 
Approximation-An 
AID 
conversion 
method which uses a binary search to arrive at the 
best digital representation of an analog input. 


Temperature 
Coefflclents-Change 
in the stated 
variable per degree centigrade temperature change. 
Temperature coefficients are added to the typical 
values of a specification to see the effect of temper- 
ature drift. 


Terminal Based Characteristic-An 
actual charac- 


teristic which has been rotated and translated to re- 
move zero offset and full scale error. 


Vcc ReJection-Attenuation 
of noise on the Vee 
line to the AID converter. 


Zero OHset- The difference between the expected 
and actual input voltage corresponding to the first 
code transition. 


The following are the key differences between this and the -001 version of the 87C51GA data sheet: 
1. Reference to ROM and ROMless versions was reworded. 
2. Packages Table was added. 
3. Second paragraph to Power Down Mode description was added. 


4. AID nominal conversion speed changed from 27 /-Ls to 22 /-Ls at 12 MHz. 
5. Figure 5 for Ports 1 and 3 hysteresis added. 


6. Note 2 for DC Characteristics pertaining to the VOHl specification on ALE and PSEN was changed. 
7. Note 4 on maximum current specifications added to DC Characteristics. 
8. The graph for Ice specs was extended on Figure 6 from 12 MHz to 16 MHz and from 3.5 MHz to 0.5 MHz. 
9. The following AC Timing specifications were changed: 


TLLAX changed from TCLCL-35 
to TCLCL-30. 
TLLPL changed from TCLCL-40 
to TCLCL-30. 
TRHDZ changed from 2TCLCL- 70 to 2TCLCL- 60. 
TOVWX changed from TCLCL- 60 to TCLCL- 50. 
TOVWH was added. 
10. Fose specifications for Sample and Hold were deleted on AID Characteristics. 
11. Program Memory Lock scheme description was added. 
12. Data Sheet Revision Summary added. 


83C152 
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HARDWARE 
DESCRIPTION 
OF THE 83C152 


The 83Cl52 Universal Communications Controller is 
an 8-bit microcontroller 
designed for the intelligent 
management of peripheral systems or components. The 
83Cl52 is a derivative of the 8OC51BH and retains the 
same functionality. The 83Cl52 is fabricated on the 
same CHMOS III 
process as the 80C51BH. What 
makes the 83Cl52 different is that it has added func- 
tions and peripherals to the basic 8OC51BH architec- 
ture that are supported by new Special Function Regis- 
ters (SFRs). These enhancements include: a high speed 
multi-protocol 
serial 
communication 
interface, 
two 
channels for DMA transfers, HOLD/HLDA 
bus con- 
trol, a fifth I/O port, expanded data memory, and ex- 
panded program memory. 


In addition to a standard UART, referred to here as 
Local Serial Channel (LSC), the 83Cl52 has an on- 
board multi-protocol communication controller called 
the Global Serial Channel (GSC). The GSC interface 
supports SDLC, CSMA/CD, 
user definable protocols, 
and a subset of HDLC protocols. The GSC capabilities 
include: address recognition, collision resolution, CRC 
generation, flag generation, automatic retransmission, 
and a hardware based acknowledge feature. This high 
speed serial channel is capable of implementing the 
Data Link Layer and the Physical Link Layer as shown 
in the OSI open systems communication model. This 
model can be found in the document "Reference Model 
for 
Open 
Systems 
Interconnection 
Architecture", 
ISO/TC97/SCI6 
N309. 


The DMA circuitry consists of two 8-bit DMA chan- 
nels with 16-bit addressability. The control signals; 
Read (RD), Write (WR), hold and hold acknowledge 
(HOLD/HLDA) 
are used to access external memory. 
The DMA channels are capable of addressing up to 
64K bytes (16 bits). The destination or source address 
can be automatically incremented. The lower 8 bits of 
the address are multiplexed on the data bus Port 0 and 
the upper eight bits of address will be on Port 2. Data is 
transmitted over an 8-bit address/data 
bus. Up to 64K 
bytes of data may be transmitted for each DMA activa- 
tion. 


The new I/O port (P4) functions the same as Ports 1-3, 
found on the 8OC51BH. 


Internal memory has been doubled in the 83C152. Data 
memory has been expanded to 256 bytes, and internal 
program memory has been expanded to 8K bytes. 


There are also some specific differences between the 
83C152 and the 8OC51BH.The first is that the number- 
ing system between the 83C152 and the 80C51BH is 
slightly different. The 83Cl52 and the 8OC5lBH are 
factory masked ROM devices. The 80C152 and the 
8OC31BH are ROMless 
devices which require the 


use of external program memory. The second difference 
is that RESET is active low in the 83C152 and active 
high in the 8OC51BH.This is very important to design- 
ers who may currently be using the 8OC51BHand plan- 
ning to use the 83C152, or are planning on using both 
devices on the same board. The third difference is that 
GFO and GF1, general purpose flags in PCON, have 
been renamed GFIEN 
and XRCLK. GFIEN 
enables 
idle flags to be generated in SDLC mode, and XRCLK 
enables the receiver to be externally clocked. All of the 
previously unused bits are now being used and inter- 
rupt vectors have been added to support the new en- 
hancements. Programmers using old code generated for 
the 8OC51BH will have to examine their programs to 
ensure that new bits are properly loaded, and that the 
new interrupt vectors will not interfere with their pro- 
gram. 


Throughout the rest of this manual the 8OC152and the 
83Cl52 will be referred to generically as the "CI52". 


The C152 is based on the 8OC51BH architecture and 
utilizes the same 8OC51BHinstruction set. Figure 1.1 is 
a block diagram of the C152. Readers are urged to 
compare this block diagram with the 8OC51BH block 
diagram. There have been no new instructions added. 
All the new features and peripherals are supported by 
an extension of the Special Function Registers (SFRs). 
Very little of the information pertaining specifically to 
the 80C5lBH core will be discussed in this chapter. 
The detailed information on such functions as: the in- 
struction set, port operation, timer/counters, 
etc., can 
be found in the MCS~-51 Architecture chapter in the 
Intel Embedded Controller Handbook. Knowledge of 
the 8OC51BH is required to fully understand this man- 
ual and the operation of the C152. To gain a basic un- 
derstanding 
on the operation of the 8OC51BH, the 
reader should familiarize himself with the entire MCS- 
51 chapter of the Embedded Controller Handbook. 


Another source of information that the reader may fmd 
helpful is Intel's LAN Components User's Manual, or- 
der number 230814. Inside are descriptions of various 
protocols, application examples, and application notes 
dealing with different serial communication 
environ- 
ments. 


2.0 COMPARISON 
OF 80C152 
AND 
80C51BH 
FEATURES 


2.1 Memory Space 


A good understanding of the memory space and how it 
is used in the operation of MCS-51 products is essen- 
tial. All the enhancements on the C152 are implement- 
ed by accessing Special Function 
Registers (SFRs), 
added data memory, or added program memory. 
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The following list contains all the SFRs, their names 
and function. All of the SFRs of the 8OC51BH are re- 
tained and for a detailed explanation of their operation, 
please refer to the chapter, "Hardware Description of 
the 8051 and 8052" that is found in the Embedded 
Controller Handbook. An overview of the new SFRs is 
found in Section 2.1.1.1, with a detailed explanation in 
Section 3.7, Section 4.5, and 6.0. 


The following descriptions are quick overviews of the 
new SFRs, and not intended to give a complete under- 
standing of their use. The reader should refer to the 
detailed explanation in Section 3 for the GSC SFRs, 
and Section 4 for the DMA SFRs. 


ADR 0,1,2,3 - (95H, OA5H, OB5H, OC5H) Contains 
the four bytes for address matching during GSC opera- 
tion. 


AMSKO - (OD5H) Selects "don't care" bits to be used 
with ADRO. 


AMSK I - (OE5H) Selects "don't care" bits to be used 
with ADRI. 


BAUD - (94H) Contains the programmable value for 
the baud rate generator for the GSC. The baud rate will 
equal (fosc)/«BAUD+ 
I) X 8). 


BCRLO - (OE2H) Contains the low byte of a count- 
down counter that determines when the DMA access 
for Channel 0 is complete. 


BCRHO - (OE3H) Contains the high byte for count- 
down counter for Channel o. 


BCRLI 
- (0F2H) Same as BCRLO except for DMA 


Channel I. 


BCRHI 
- (OF3H) Same as BCRHO except for DMA 


Channell. 


BKOFF 
- (OC4H) An 8-bit count-down timer used 


with the CSMA/CD 
resolution algorithm. 


DARLO - (OC2H) Contains the low byte of the destina- 
tion address for DMA Channel o. 


DARHO - (OC3H) Contains the high byte of the desti- 
nation address for DMA Channel O. 


DARLI 
- (OD2H) Same as DARLO except for DMA 


Channel I. 


DARHI 
- (OD3H) Same as DARHO except for DMA 


Channel I. 


DCONO - (92H) Contains the Destination 
Address 


Space bit (DAS), Increment Destination Address bit 


(IDA), Source Address Space bit (SAS), Increment 
Source Address bit (ISA), DMA Channel Mode bit 
(DM), 
Transfer 
Mode bit 
(TM), 
DMA 
Done 
bit 


(DONE), and the GO bit (GO). DCONO is used to 
control DMA Channel O. 


DCONI 
- (93H) Same as DCONO except this is for 


DMA Channel I. 


GMOD - (84H) Contains the Protocol bit (PR), the 
Preamble Length (PLI,O), CRC Type (CT), Address 
Length (AL), Mode select (MI,O), and External Trans- 
mit Clock (TXC). This register is used for GSC opera- 
tion only. 


IENI - (OC8H) Interrupt enable register for DMA and 
GSC interrupts. 


IFS - (OA4H) Determines the number of bit times sepa- 
rating transmitted frames. 


IPNI 
- (OF8H) Interrupt 
priority register for DMA 


and GSC interrupts. 


MYSLOT - (OF5H) Contains the Jamming mode bit 
(DCJ), the Deterministic 
Collision Resolution Algo- 


rithm bit (DCR), and the DCR slot address for the 
GSC. 


P4 - (OCOH)Contains the memory "image" of Port 4. 


PRBS - (OE4H) Contains a pseudo-random number to 
be used in CSMA/CD backoff algorithms. May be read 
or written to by user software. 


RFIFO - (F4H) RFIFO is used to access a 3·byte FIFO 
that contains the receive data from the GSC. 


RSTAT - (OE8H) Contains the Hardware Based Ac- 
knowledge Enable bit (RABEN), Global Receive En- 
able bit 
(GREN), 
Receive FIFO 
Not 
Empty 
bit 


(RFNE), 
Receive Done bit (RON), 
CRC Error bit 


(CRCE), Alignment Error bit (AE), Receiver Colli- 
sion/ Abort detect bit (RCABT), and the Overrun bit 
(OVR), used with both DMA and GSC. 


SARLO - (OA2H) Contains the low byte of the source 
address for DMA transfers. 


SARHO - (OA3H) Contains the high byte of the source 
address for DMA transfers. 


SARLI - (OB2H)Same as SARLO but for DMA Chan- 
nel I. 


SARHI - (OB3H)Same as SARHI but for DMA Chan- 
nel I. 


SLOTTM - (0B4H) Determines the length of the slot 
time in CSMA/CD. 


TCDCNT - (OD4H) Contains the number of collisions 
in the current frame if using CSMA/CD 
GSC. 


Old(O)/New(N) 
Name 
Addr 
Function 
0 
A 
OEOH 
ACCUMULATOR 
N 
ADRO 
095H 
GSC MATCH ADDRESS 
0 
N 
ADR1 
OA5H 
GSC MATCH ADDRESS 
1 
N 
ADR2 
OB5H 
GSC MATCH ADDRESS 
2 
N 
ADR3 
OC5H 
GSC MATCH ADDRESS 
3 
N 
AMSKO 
- 
OD5H 
GSC ADDRESS 
MASK 0 
N 
AMSK1 
OE5H 
GSC ADDRESS 
MASK 1 
0 
B 
OFOH 
B REGISTER 
N 
BAUD 
094H 
GSC BAUD RATE 
N 
BCRLO 
OE2H 
DMA BYTE COUNT 0 (LOW) 
N 
BCRHO 
OE3H 
DMA BYTE COUNT 0 (HIGH) 
N 
BCRL1 
OF2H 
DMA BYTE COUNT 
1 (LOW) 
N 
BCRH1 
OF3H 
DMA BYTE COUNT 
1 (HIGH) 
N 
BKOFF 
OC4H 
GSC BACKOFF 
TIMER 
N 
DARLO 
OC2H 
DMA DESTINATION 
ADDR 0 (LOW) 
N 
DARHO 
OC3H 
DMA DESTINATION 
ADDR 0 (HIGH) 
N 
DARL1 
OD2H 
DMA DESTINATION 
ADDR 1 (LOW) 
N 
DARH1 
OD3H 
DMA DESTINATION 
ADDR 1 (HIGH) 
N 
DCONO 
092H 
DMA CONTROL 
0 
N 
DCON1 
093H 
DMA CONTROL 
1 
0 
DPH 
083H 
DATA POINTER 
(HIGH) 
0 
DPL 
082H 
DATA POINTER 
(LOW) 
N 
GMOD 
084H 
GSCMODE 
0 
IE 
OA8H 
INTERRUPT 
ENABLE 
REGISTER 
0 
N 
IEN1 
OC8H 
INTERRUPT 
ENABLE 
REGISTER 
1 
N 
IFS 
OA4H 
GSC INTERFRAME 
SPACING 
0 
IP 
. 
OB8H 
INTERRUPT 
PRIORITY 
REGISTER 
0 
N 
IPN1 
OF8H 
INTERRUPT 
PRIORITY 
REGISTER 
1 
N 
MYSLOT 
OF5H 
GSC SLOT ADDRESS 
0 
PO 
080H 
PORTO 
0 
P1 
090H 
PORT 1 
0 
P2 
OAOH 
PORT 2 
0 
P3 
OBOH 
PORT 3 
N 
P4 
OCOH 
PORT 4 
N 
, 
P5 
091H 
PORT 5 
N 
P6 
I 
OA1H 
PORT 6 
0 
PCON 
087H 
POWER CONTROL 
N 
PRBS 
OE4H 
GSC PSEUDO-RANDOM 
SEQUENCE 
0 
PSW 
ODOH 
PROGRAM 
STATUS WORD 
N 
RFIFO 
OF4H 
GSC RECEIVE BUFFER 
N 
RSTAT 
OE8H 
RECEIVE STATUS 
(DMA & GSC) 
N 
SARLO 
OA2H 
DMA SOURCE ADDR 0 (LOW) 
N 
SARHO 
OA3H 
DMA SOURCE ADDR 0 (HIGH) 
N 
SARL1 
OB2H 
DMA SOURCE ADDR 1 (LOW) 
N 
SARH1 
OB3H 
DMA SOURCE ADDR 1 (HIGH) 
0 
SBUF 
099H 
LOCAL SERIAL CHANNEL 
(LSC) BUFFER 
0 
SCON 
098H 
LOCAL SERIAL CHANNEL 
(LSC) CONTROL 
N 
SLOTTM 
OB4H 
GSC SLOT TIME 
0 
SP 
081H 
STACK POINTER 
N 
TCDCNT 
OD4H 
GSC TRANSMIT 
COLLISION 
COUNTER 
0 
TCON 
088H 
TIMER CONTROL 
N 
TFIFO 
085H 
GSC TRANSMIT 
BUFFER 
0 
THO 
08CH 
TIMER 0 (HIGH) 
0 
TH1 
08DH 
TIMER 1 (HIGH) 
0 
TLO 
08AH 
TIMER 0 (LOW) 
0 
TL1 
08BH 
TIMER 1 (LOW) 
0 
TMOD 
089H 
TIMER MODE 
N 
TSTAT 
OD8H 
TRANSMIT 
STATUS 
(DMA & GSC) 
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TFIFO - (85H) TFIFO is used to access a 3-byte FIFO 
that contains the transmission data for the GSC. 


TSTAT 
- (OD8H) Contains 
the DMA 
Service bit 
(DMA), Transmit Enable bit (TEN), Transmit FIFO 
Not 
Full bit (TFNF), 
Transmit 
Done bit (TDN), 
Transmit Collision Detect bit (TCDn, 
Underrun bit 
(DR), No Acknowledge bit (NOACK), 
and the Re- 
ceive Data Line Idle bit (LNI). This register is used 
with both DMA and GSC. 


The general purpose flag bits (GFO and GFI) that exist 
on the 8OC51BH are no longer available on the C152. 
GFO has been renamed GFIEN 
(GSC Flag Idle En- 
able) and is used to enable idle fill flags. Also GFI has 
been renamed XRCLK 
(External Receive Clock En- 
able) and is used to enable the receiver to be clocked 
externally. 


Internal data memory consists of 256 bytes as shown in 
Figure 2.1. The first 128 bytes are addressed exactly 
like an 8OC51BH, using direct addressing. 


The addresses of the second 128 bytes of data memory 
happen to overlap the SFR addresses. The SfRs and 
their memory locations are shown in Figure 2.2. This 
means that internal data memory spaces have the same 
address as the SFR address. However, each type of 
memory is addressed differently. To access data memo- 
ry above 80H, indirect addressing or the DMA chan- 
nels must be used. To access the SFRs, direct address- 
ing is used. When direct addressing is used, the address 
is the source or destination, e.g. MOV A, IOH, moves 
the contents of location IOH into the accumulator. 
When indirect addressing is used, the address of the 
destination or source exists within another register, e.g. 
MOV A, @RO.This instruction moves the contents of 
the memory location addressed by ROinto the accumu- 
lator. Directly addressing the locations 80H to OFFH 
will access the SFRs. Another form of indirect address- 
ing is with the use of Stack Pointer Operations. If the 
Stack Pointer contains an address and a PUSH or POP 
instruction is executed, indirect addressing is actually 
used. Directly accessing an unused SFR address will 
give undefmed results. 


Physically, there are separate SFR memory and data 
memory spaces allocated on the chip. Since there are 
separate spaces, the SFRs do not diminish the available 
data memory space. 


OVERLAPPING 
WEWORY 
ADDRESSES 


"NOT!::: 
User data 
memory 
above 
80H must be addressed 
indirectly. 
Using 
direct 
addressing 
above 
SOH accesses 
the Special 
Function 
Registers. 


Figure 2.1. Data Memory 
Map 
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External data memory is accessed like an SOC5IBH, 
with "MOVX" instructions. Addresses up to 64K may 
be accessed when using the Data Pointer (DPTR). 
When accessing external data memory with the DPTR, 
the address appears on Port 0 and 2. When using the 
DPTR, if less than 64K of external data memory is 
used, the address is emitted on all sixteen pins. This 
means that when using the DPTR, the pins of Port 2 
not used for addresses cannot be used for general pur- 
pose I/O. An alternative to using l6-bit addresses with 
the DPTR is to use RO or Rl to address the external 
data memory. When using the registers to address ex- 
ternal data memory, the address range is limited to 256 
bytes. However, software manipulation of I/O Port 2 
pins as normal I/O, allows this 256 bytes restriction to 
be expanded via bank switching. When using RO or Rl 
as data pointers, Port 2 pins that are not used for ad- 
dressing, can be used as general purpose I/O. 
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The Cl52 has several memory spaces in which the bits 
are directly addressed by their location. The directly 
addressable bits and their symbolic names are shown in 
Figure 2.3A, 2.3B, and 2.3C. 


Bit addresses 0 to 7FH reside in on-board user data 
RAM in byte addresses 20H to 2FH (see Figure 2.3A). 


Bit addresses SOHto OFFH reside in the SFR memory 
space, but not every SFR is bit addressable, see Figure 
2.3B. The addressable bits are scattered throughout the 
SFRs. The addressable bits occur every eighth SFR ad- 
dress starting at SOHand occupy the entire byte. Most 
of the bits that are addressable in the SFRs have been 
given symbolic names. These names will often be re- 
ferred to in this or other documentation on the C152. 
Most assemblers also allow the use of the symbolic 
names 
when writing 
in assembly language. 
These 
names are shown in Figure 2.3C. 
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toll 
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PL1 
PLO 
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Byte 
BIT ADDRESSES 
Address 
(MSB) 
(LSB) 


020H 
07 
06 
05 
04 
03 
02 
01 
00 


021H 
OF 
OE 
00 
OC 
OB 
OA 
09 
08 


022H 
17 
16 
15 
14 
13 
12 
11 
10 


023H 
1F 
1E 
10 
1C 
1B 
1A 
19 
18 


024H 
27 
26 
25 
24 
23 
22 
21 
20 


025H 
2F 
2E 
20 
2C 
2B 
2A 
29 
28 


026H 
37 
36 
35 
34 
33 
32 
31 
30 


027H 
3F 
3E 
3D 
3C 
3B 
3A 
39 
38 


028H 
47 
46 
45 
44 
43 
42 
41 
40 


029H 
4F 
4E 
40 
4C 
4B 
4A 
49 
48 


02AH 
57 
56 
55 
54 
53 
52 
51 
50 


02BH 
5F 
5E 
50 
5C 
5B 
5A 
59 
58 


02CH 
67 
66 
65 
64 
63 
62 
61 
60 


020H 
6F 
6E 
60 
6C 
6B 
6A 
69 
68 


02EH 
77 
76 
75 
74 
73 
72 
71 
70 


02FH 
7F 
7E 
70 
7C 
7B 
7A 
79 
78 


Byte 
BIT ADDRESSES 
Address 
(MSB) 
(LSB) 


080H 
87 
86 
85 
84 
83 
82 
81 
80 
(PO) 


088H 
8F 
8E 
80 
8C 
8B 
8A 
89 
88 
(TCON) 


090H 
97 
96 
95 
94 
93 
92 
91 
90 
(P1) 


098H 
9F 
9E 
90 
9C 
9B 
9A 
99 
98 
(SCON) 


OAOH 
A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 
(P2) 


OA8H 
AF 
- 
- 
AC 
AB 
AA 
A9 
A8 
(IE) 


OBOH 
B7 
B6 
B5 
B4 
B3 
B2 
B1 
BO 
(P3) 


OB8H 
- 
- 
- 
BC 
BB 
BA 
B9 
B8 
(IP) 


OCOH 
C7 
C6 
C5 
C4 
C3 
C2 
C1 
CO 
(P4) 


OC8H 
- 
- 
CO 
CC 
CB 
CA 
C9 
C8 
(IEN1) 


OOOH 
07 
06 
05 
04 
03 
02 
01 
DO 
(PSW) 


008H 
OF 
DE 
DO 
DC 
DB 
DA 
D9 
D8 
(TSTAT) 


OEOH 
E7 
E6 
E5 
E4 
E3 
E2 
E1 
EO 
(A) 


OE8H 
EF 
EE 
ED 
EC 
EB 
EA 
E9 
E8 
(RSTAT) 


OFOH 
F7 
F6 
F5 
F4 
F3 
F2 
F1 
FO 
(B) 


OF8H 
- 
- 
FD 
FC 
FB 
FA 
F9 
F8 
(IPN1) 
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Byte 
SYMBOLIC 
NAME BIT MAP 
Address 
(MSB) 
(LSB) 


080H 
PO.7 
PO.6 
PO.5 
PO.4 
PO.3 
PO.2 
PO.1 
PO.O 
(PO) 


088H 
TF1 
TA1 
TFO 
TAO 
IE1 
IT1 
IEO 
ITO 
(TCON) 


090H 
P1.7 
P1.6 
P1.5 
P1.4 
P1.3 
P1.2 
P1.1 
P1.0 
(P1) 


098H 
SMO 
SM1 
SM2 
AEN 
TB8 
AB8 
TI 
AI 
(SCON) 


OAOH 
P2.7 
P2.6 
P2.5 
P2.4 
P2.3 
P2.2 
P2.1 
P2.0 
(P2) 


OA8H 
EA 
- 
- 
ES 
ET1 
EX1 
ETO 
EXO 
(IE) 


OBOH 
P3.7 
P3.6 
P3.5 
P3.4 
P3.3 
P3.2 
P3.1 
P3.0 
(P3). 


OB8H 
- 
- 
- 
PS 
PT1 
PX1 
PTO 
PXO 
(IP) 


OCOH 
P4.7 
P4.6 
P4.5 
P4.4 
P4.3 
P4.2 
P4.1 
P4.0 
(P4) 


OC8H 
- 
- 
EGSTE 
EOMA1 
EGSTV 
EOMAO 
EGSAE 
EGSAV 
(IEN1) 


OOOH 
CY 
AC 
FO 
AS1 
ASO 
OV 
- 
P 
(PSW) 


008H 
LNI 
NOACK 
UA 
TCOT 
TON 
TFNF 
TEN 
OMA 
(TSTAT) 


OEOH 
(A) 


OE8H 
OVA 
ACABT 
AE 
CACE 
AON 
AFNE 
GAEN 
HABEN 
(ASTAT) 


OFOH 
(B) 


OF8H 
- 
- 
PGSTE 
POMA1 
PGSTV 
POMAO 
PGSAE 
PGSAV 
(IPN1) 


The 83Cl52 contains 8K of ROM program memory, 
and the 8OCl52 uses only external program memory. 
Figure 2.4 shows the program memory locations and 
where they reside. The user is allowed a maximum of 
64K of program 
memory. In the 83Cl52 
program 
memory fetches beyond 8K automatically access exter- 
nal program memory. When program memory is exter- 
nally llddressed, all of the Port 2 pins emit the address. 
Since all of Port 2 is affected by the address, unused 
address pins cannot be used as normal I/O ports even if 
less than 64K of memory is being accessed. 


EXTERNAL IF fA = 0 


INTERNAL 
IF EA = 1 


'--------'" 
OOOOH 
270427-4 


inter 


interrupts and IPNI (F8H) for setting the priority. For 
an explanation on how the priority of interrupts affects 
their operation please refer to the MCS-51 Architecture 
and Hardware Chapters in the Intel Embedded Con- 
troller Handbook. A detailed description on how the 
interrupts 
function is in the MCS@-51 Architectural 
Overview. 


The Cl52 retains all five interrupts of the 80C51BH. In 
addition, six new interrupts have been added for a total 
of II available interrupts. Two SFRs have been added 
to the CI52 for control of the new interrupts. These 
added 
SFRs 
are 
IENI 
(C8H) 
for 
enabling 
the 


IEN1 FUNCTIONS 
I' 


Symbol 
Position 
Vector 
Function 
- 
IEN1.7 
RESERVED 
and do not exist on chip. 
- 
IEN1.6 
RESERVED 
and do not exist on chip. 


EGSTE 
IEN1.5 
04BH 
GSC TRANSMIT 
ERROR-If 
TSTAT.O (DMA) is cleared, 
the 


interrupt 
service routine at 4BH is invoked when TSTAT.6 
(NOACK) or TSTAT.4 
(TCDT) is set and EGSTE is enabled. 
If 
TSTAT.O (DMA) is set, the interrupt 
service routine will be 
invoked when the TSTAT.5 
(UR) is set and EGSTE is enabled. 


EDMA1 
IEN1.4 
053H 
DMA CHANNEL 
REQUEST 
1- The interrupt 
service routine 
at53H is invoked when DCON1.1 
(DONE) is set and EDMA 1 is 
enabled. 


EGSTV 
IEN1.3 
043H 
GSC TRANSMIT 
VALID-If 
TSTAT.O (DMA) is cleared, the 
interrupt service routine at 43H is invoked when TSTAT.2 
(TFNF) is set and EGSTV is enabled. 
If TST AT.O (DMA) is set, 
the interrupt 
service routine will be invoked when TSTAT.3 
(TON) is set and EGSTV is enabled. 


EDMAO 
IEN1.2 
03BH 
DMA CHANNEL 
REQUEST 
0- 
The interrupt 
service routine 
at 3BH will be invoked when DCONO.1 (DONE) is set and 
EDMAO is enabled. 


EGSRE 
IEN1.1 
033H 
GSC RECEIVE 
ERROR-The 
interrupt 
service routine at 33H 
will be invoked when RSTAT.4 
(CRCE), RSTAT.7 
(OVR), 


RSTAT.6 
(RCABT), or RSTAT.5 
(AE), is set and EGSRE is 
enabled. 
This functions 
the same whether 
or not TST AT.O 
(DMA) is set. 


EGSRV 
IEN1.0 
02BH 
GSC RECEIVE 
VALID-If 
TST AT.O (DMA) is cleared, the 
interrupt service routine at 2BH will be invoked when RSTAT.2 
(RFNE) is set and EGSRV is enabled. 
If TSTAT.O (DMA) is 
set, the interrupt 
service routine will be invoked when 
RSTAT.3 (RON) is set and EGSRV is enabled. 


IPNI 
is used the same way the current 8OC51BH interrupt priority register (IP) is. By assigning a "I" 
to the 


appropriate bit, that interrupt has a higher priority than an interrupt with a "0" assigned to it in the priority register. 


Symbol 
Position 
Function 


PGSTE 
IPN1.5 
GSC TRANSMIT 
ERROR 


PDMA1 
IPN1.4 
DMACHANNELREQUEST1 


PGSTV 
IPN1.3 
GSC TRANSMIT 
VALID 


PDMAO 
IPN1.2 
DMA CHANNEL 
REQUEST 
0 


PGSRE 
IPN1.1 
GSC RECEIVE ERROR 


PGSRV 
IPN1.0 
GSC RECEIVE VALID 


The eleven interrupts 
are sampled in the following 
order when assigned the same priority 
level in the IP and IPNI 
registers: 


Priority 
Priority 
Interrupt 
Interrupt 
Priority 
Symbolic 
Symbolic 
Symbolic 
Symbolic 
Vector 
Sequence 
Address 
Name 
Address 
Name 
Address 


1 
IP.O 
PXO 
IEO 
EXO 
03H 
2 
IPN1.0 
PGSRV 
IEN1.0 
EGSRV 
2BH 
3 
IP.1 
PTO 
IE.1 
ETO 
OBH 
4 
IPN1.1 
PGSRE 
IEN1.1 
EGSRE 
33H 
5 
IPN1.2 
PDMAO 
IEN1.2 
EDMAO 
3BH 
6 
IP.2 
PX1 
IE2 
EX1 
13H 
7 
IPN1.3 
PGSTV 
IEN1.3 
EGSTV 
43H 
8 
IPN1A 
PDMA1 
IEN1A 
EDMA1 
53H 
9 
IP.3 
PT1 
IE3 
ET1 
1BH 
10 
IPN1.5 
PGSTE 
IEN1.5 
EGSTE 
4BH 
11 
IPA 
PS 
lEA 
ES 
23H 


RESET perfonns the same operations in both the 8OC5lBH 
and the Cl52 and those conditions 
that exist at the end 
of a valid RESET are: 


Register 
Contents 
Register 
Contents 


ACC 
OOH 
PO-P6 
OFFH 
ADRO-3 
OOH 
PCON 
OXXXOOOOB 
AMSKO 
OOH 
PRBS 
OOH 
AMSK1 
OOH 
PSW 
OOH 
B 
OOH 
RFIFO 
INDETERMINATE 
BAUD 
OOH 
RSTAT 
OOOOOOOOB 
BCRHO 
INDETERMINATE 
SARHO 
INDETERMINATE 
BCRH1 
INDETERMINATE 
SARH1 
INDETERMINATE 
BCRLO 
INDETERMINATE 
SARLO 
INDETERMINATE 
CRL1 
INDETERMINATE 
SARL1 
INDETERMINATE 
BKOFF 
INDETERMINATE 
SBUF 
INDETERMINATE 
DARHO 
INDETERMINATE 
SCON 
OOH 
DARH1 
INDETERMINATE 
SLOTTM 
OOH 
DARLO 
INDETERMINATE 
SP 
07H 
DARL1 
INDETERMINATE 
TCDCNT 
INDETERMINATE 
DCONO 
OOH 
TCON 
OOH 
DCON1 
OOH 
TFIFO 
INDETERMINATE 
DPTR 
OOOOH 
THO 
OOH 
GMOD 
XOOOOOOOB 
TH1 
OOH 
IE 
OXXOOOOOB 
TLO 
OOH 
IEN1 
XXOOOOOOB 
TL1 
OOH 
IFS 
OOH 
TMOD 
OOH 
IP 
XXXOOOOOB 
TSTAT 
XXOO0100B 
IPN1 
XXOOOOOOB 
PC 
OOOOH 
MYSLOT 
OOOOOOOOB 


inter 


The same conditions apply for both the 8OC5IBH and 
CI52 for a correct reset pulse or "power-on" reset ex- 
cept that Reset is active low on the C152. Please refer 
to the 8051/52 Hardware Description Chapter of the 
Intel Embedded Controller Handbook for an explana- 
tion on how to provide a proper power-on reset. Since 
Reset is active low on the C152, the resistor should be 
tied to YCC and the capacitor should be tied to YSS. 


Because the clocking on part of the GSC circuitry is 
independent of the processor clock, data may still be 
transmitted and DEN active for some time after reset is 
applied. The transmission may continue for a maxi- 
mum of four machine cycles after reset is first pulled 
low. Although Reset has to be held low for only three 
machine cycles to be recognized by the GSC hardware, 
all of the GSC circuitry may not be reset until four 
machine cycles have passed. If it is important in the 
user application that all transmission and DEN be- 
comes inactive at the end of a reset, then Reset will 
have to be held low for a minimum of four machine 
cycles. 


2.4 Ports 4, 5 and 6 


Ports 4, 5 and 6 operation is identical to Ports 1-3 on 
the 8OC5IBH. The description of port operation can be 
found in the 8051/52 Hardware Description Chapter of 
the Intel Embedded Controller Handbook. Ports 5 and 
6 exist only on the "JB" and "JD" version of the CI52 
and can either function as standard I/O ports or can be 
configured so that program memory fetches are per- 
formed with these two ports. To configure ports 5 and 6 
as standard I/O ports, EBEN is tied to a logic low. 
When in this configuration, ports 5 and 6 operation is 
identical to that of port 4 except they are not bit ad- 
dressable. To configure ports 5 and 6 to fetch program 
memory, EBEN is tied to a logic high. When using 
~ 
and 6 to fetch the program memory, the signal 
EPSEN is used to enable the external memory device 
instead of PSEN. Regardless of which ports are used to 
fetch program memory, all data memory fetches occur 
over ports 0 and 2. The 8OC152JB and 8OC152JD are 
available as ROMless devices only. ALE is still used to 
latch the address in all configurations. Table 2.1 sum- 
marizes the control signals and how the ports may be 
used. 


2.5 Timer/Counters 


The 8OC51BH and CI52 have the same pair of 16-bit 
general purpose timer/counters. 
The user should refer 


to the Intel Embedded Controller Handbook which de- 
scribes the timer/counters 
and their use. The user 
should bear in mind, when reading the Intel Embedded 
Controller Handbook that the CI52 does not have the 
third event timer named Timer 2, which is in the 8052. 


2.6 Package 


The 83CI52 is packaged in a 48 pin DIP and a 68 lead 
PLCC. This differs from the 40 pin DIP and 44 pin 
PLCC of the 8OC5IBH. The larger package is required 
to accommodate the extra 8 bit I/O port (P4). Figures 
2.5A, 2.5B and 2.5C show the packages and the pin 
names. 


(GRXO) Pl.0 


(GTXO) Pl.1 


(DEN) Pl.2 


(TXC) P1.3 


(RXC) PU 


(HLO) Pl.5 


(HLOA) Pl.6 
Pl.7 
Rrm 


(RXO) P3.0 


(TXO) P3.1 


(INTO) P3.2 


(INTt) 
P3.3 


(TO) P3•• 


(Tt) 
P3.5 


(ViR) 
PH 


(RD) 
P3.7 


(A/OO) 
PO.O 


(A/Ol) 
PO.l 


(A/02) 
PO.2 


(A/03) 
PO.3 


XTAL2 


XTAL1 
vss 


vcc 


P •• O 


P•. l 


P•• 2 


P•• 3 


P••• 


P•• 5 


P•• 6 


P•. 7 


EA 


ALE 


PSEN 


P2.7 
(A15) 


P2.6 
(AI.) 


P2.5 
(A13) 


P2•• 
(A12) 


P2.3 
(All) 


(Al0) 


(A9) 


(A8) 


(A/07) 


(A/06) 


(A/05) 


(A/D.) 


EBEN 
EA 
Program 
PSEN 
EPSEN 
Comments 
Fetch via 
0 
0 
PO,P2 
Active 
Inactive 
Addresses 
O-OFFFFH 
0 
1 
N/A 
N/A 
N/A 
Invalid Combination 
1 
0 
P5,P6 
Inactive 
Active 
Addresses 
O-OFFFFH 
1 
1 
P5,P6 
Inactive 
Active 
Addresses 
0-1 FFFH 
PO,P2 
Active 
Inactive 
Addresses 
~ 2000H 
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NDlX 
CORNER'\, 


"DlX 


CORNER" 


' •. 5 
P106 


' •. 6 
P1,7 


' •. 7 
EB'" 


N.C. 
iiESEf 


EA 
P3.0 


ALE 
P3.1 


(TOP YO) 


PSEN 
P3.2 


N.C. 


P5.0 
80C152JB 
80C152JA/JC 
N.C. 


P3.3 
80C152JD 
83C152JA/ JC 
P3." 
N.C. 
P5.1 
N.C. 
P5.2 
N.C. 
P5.3 
P2.7 
P3.5 
P2.6 
P3.6 
P2.5 
P3.7 
P2." 
N.C. 


P2.3 


The pin description 
for the 8OC51BH also applies 
to the CI52 
and is listed below. 
Changes 
have been made 
to the 


descriptions 
as they apply to the C152. 


Pin /I 
Description 
DIP 
PLCC(1) 


48 
2 
Vcc--Supply 
voltage. 


24 
3,33(2) 
VSS-Circuit 
ground. 


18-21, 
27-30, 
Port o-Port 
0 is an 8-bit open drain bi-directionall/O 
port. As an output port each 
25-28 
34-37 
pin can sink 8 LS TIL inputs. Port 0 pins that have 1s written to them float, and in 
that state can be used as high-impedance 
inputs. 
Port 0 is also the multiplexed 
low-order 
address and data bus during accesses 
to 
external 
program 
memory if EBEN is pulled low. During accesses 
to external 
Data 
Memory, 
Port 0 always emits the low-order 
address byte and serves as the 
multiplexed 
data bus. In these applications 
it uses strong internal pull ups when 
emitting 
1s. 
Port 0 also outputs the code bytes during program verification. 
External pullups are 
required during program verification. 


NOTES: 
1. N.C. pins on PLCC package 
may be connected 
to internal die and should not be used in customer 
applications. 


2. It is recommended 
that both Pin 3 and Pin 33 be grounded for PLCC devices. 


inter 


Pin # 
Description 
DIP 
PLCC(1) 


1-8 
4-11 
Port 1-Port 
1 is an 8-bit bidirectionalI/O 
port with internal pull ups. Port 1 pins that 
have 1s written to them are pulled high by the internal pull ups, and in that state can 
be used as inputs. As inputs, Port 1 pins that are externally 
being pulled low will 
source current (IlL, on the data sheet) because 
of the internal pullups. 


Port 1 also serves the functions 
of various special features 
of the 8XC152, as listed 
below: 


Pin 
Name 
Alternate 
Function 


P1.0 
GRXD 
GSC data input pin 
P1.1 
GTXD 
GSC data output pin 
P1.2 
DEN 
GSC enable signal for an external 
driver 
P1.3 
TXC 
GSC input pin for external transmit 
clock 
P1.4 
RXC 
GSC input pin for external 
receive clock 
P1.5 
HLD 
DMA hold input/output 
P1.6 
HLDA 
DMA hold acknowledge 
input/ output 


29-36 
41-48 
Port 2-Port 
2 is an 8-bit bi-directional 
I/O port with internal 
pullups. Port 2 pins that 
have 1s written to them are pulled high by the internal pull ups, and in that state can 
be used as inputs. As inputs, Port 2 pins that are externally 
being pulled low will 
source current (IlL, on the data sheet) because 
of the internal 
pullups. 
Port 2 emits the high-order 
address 
byte during fetches 
from external 
Program 
Memory if EBEN is pulled low. During accesses 
to external 
Data Memory that use 
16-bit addresses 
(MOVX 
@ DPTR and DMA operations), 
Port 2 emits the high-order 
address 
byte. In these applications 
it uses strong internal pullups when emitting 
1s. 
During accesses 
to external 
Data Memory that use 8-bit addresses 
(MOVX 
@ Ri), 


Port 2 emits the contents 
of the P2 Special Function 
Register. 


Port 2 also receives 
the high-order 
address bits during program verification. 


10-17 
14-16, 
Port 3-Port 
3 is an 8-bit bi-directionall/O 
port with internal pullups. Port 3 pins that 
18,19, 
have 1s written to them are pulled high by the internal 
pull ups, and in that state can 


23-25 
be used as inputs. As inputs, Port 3 pins that are externally 
being pulled low will 
source current (IlL, on the data sheet) because 
of the pullups. 
Port 3 also serves the functions 
of various special features 
of the MCS-51 Family, 
as listed below: 


Pin 
Name 
Alternate 
Function 


P3.0 
RXD 
Serial input line 
P3.1 
TXD 
Serial output line 
P3.2 
INTO 
External interrupt 0 
P3.3 
INT1 
External interrupt 
1 
P3.4 
TO 
Timer 0 external 
input 
P3.5 
T1 
Timer 1 external 
input 
P3.6 
WR 
External 
Data Memory Write strobe 
P3.7 
RD 
External 
Data Memory 
Read strobe 


47-40 
65-58 
Port 4-Port 
4 is an 8-bit bi-directionall/O 
port with internal pullups. 
Port 4 pins that 
have 1s written to them are pulled high by the internal 
pullups, and in that state can 
be used as inputs. As inputs, Port 4 pins that are externally 
being pulled low will 
source current (IlL, on the data sheet) because 
of the internal pullups. 
In addition, 
Port 4 also receives 
the low-order 
address 
bytes during program 
verification. 


NOTES: 
1. N.C. pins on PLCC package 
may be connected 
to internal 
die and should 
not be used in customer 
applications. 


2. It is recommended 
that both Pin 3 and Pin 33 be grounded 
for PLCC devices. 


inter 


Pin # 
Description 
DIP 
PLCC(1) 


9 
13 
RST -Reset 
input. A logic low on this pin for three machine 
cycles while the 
oscillator 
is running resets the device. An internal 
pullup resistor 
permits a power- 


on reset to be generated 
using only an external capacitor 
to Vss. Although 
the GSC 
recognizes 
the reset after three machine 
cycles, data may continue 
to be 
transmitted 
for up to 4 machine 
cycles after Reset is first applied. 


38 
55 
ALE-Address 
Latch Enable output signal for latching the low byte of the address 
during accesses 
to external 
memory. 


In normal operation 
ALE is emitted 
at a constant 
rate of % the oscillator 
frequency, 


and may be used for external timing or clocking 
purposes. 
Note, however, 
that one 
ALE pulse is skipped 
during each access to external 
Data Memory. While in Reset, 


ALE remains at a constant 
high level. 


37 
54 
PSEN-Program 
Store Enable is the Read strobe to External pro~am 
Memory. 
When the 8XC152 is executing 
from external 
program 
memory, 
P 
EN is active 
(low). When the device is executing 
code from External 
Program Memory, 
PSEN is 
activated 
twice each machine cycle, except that two PSEN activations 
are skipped 
during each access to External Data Memory. While in Reset, PSEN remains at a 
constant 
high level. 


39 
56 
EA-External 
Access 
enable. EA must be externally 
pulled low in order to enable 
the 8XC152 to fetch code from External 
Program Memory locations 
OOOOH to 
OFFFH. 
EA must be connected 
to VCC for internal program 
execution. 


23 
32 
XTAL 1-lnput 
to the inverting oscillator 
amplifier 
and input to the internal clock 
generating 
circuits. 


22 
31 
XTAL2-output 
from the oscillator 
amplifier. 


NIA 
17,20 
Port 5--Port 
5 is an 8-bit bi-directional 
110 port with internal pull ups. Port 5 pins 
21,22 
that have 1s written to them are pulled high by the internal pullups, and in that state 


38,39 
can be used as inputs. As inputs, Port 5 pins that are externally 
being pulled low will 


40,49 
source current (IlL, on the data sheet) because 
of the internal pull ups. 


Port 5 is also the multiplexed 
low-order 
address and data bus during accesses 
to 
external 
program 
memory if EBEN is pulled high. In this application 
it uses strong 
pullups when emitting 
1s. 


NIA 
67,66 
Port 6-Port 
6 is an 8-bit bi-directionall/O 
port with internal pull ups. Port 6 pins 
52,57 
that have 1s written to them are pulled high by the internal pull ups, and in that state 


50,68 
can be used as inputs. As inputs, Port 6 pins that are externally 
pulled low will 


1,51 
source current (IlL, on the data sheet) because 
of the internal 
pullups. 


Port 6 emits the high-order 
address 
byte during fetches 
from external 
Program 
Memory if EBEN is pulled high. In this application 
it uses strong pullups when 
emitting 
1s. 


NIA 
12 
EBEN-E-Bus 
Enable input that designates 
whether 
program 
memory fetches 
take 


place via Ports 0 and 2 or Ports 5 and 6. Table 2.1 shows how the ports are used in 
conjunction 
with EBEN. 


53 
EPSEN-E-bus 
Program Store Enable is the Read strobe to external 
program 
memory when EBEN is high. Table 2.1 shows when EPSEN is used relative to 
PSEN depending 
on the status of EBEN and EA. 


NOTES: 
1. N.C. pins on PLCC package may be connected to internal die and should not be used in customer applications. 
2. It is recommended that both Pin 3 and Pin 33 be grounded for PLCC devices. 
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Both of these operations function identically as in the 
8OC5IBH. Application Note 252, "Designing with the 
8OC51BH" gives an excellent explanation on the use of 
the reduced power consumption modes. Some of the 
items not covered in AP-252 are the considerations that 
are applicable when using the GSC or DMA in con- 
junction with the power saving modes. 


The GSC continues to operate normally in Idle as long 
as the interrupts are enabled. The interrupts need to be 
enabled, so that the CPU can service the FIFO's and 
terminate transmission or reception when appropriate. 
After servicing the GSC, user software will need to 
again invoke the Idle command as the CPU does not 
automatically re-enter the Idle mode after servicing the 
interrupts. 


The GSC does not operate while in Power Down so the 
steps required prior to entering Power Down become 
more complicated. The sequence when entering Power 
Down and the status of the I/O is of major importance 
in preventing damage to the C152 or other components 
in the system. Since the only way to exit Power Down 
is with a Reset, several problem areas become very sig- 
nificant. Some of the problems that merit careful con- 
sideration are cases where the Power Down occurs dur- 
ing the middle of a transmission, and the possibility 
that other stations are not or cannot enter this same 
mode. The state of the GSC 110 pins becomes critical 
and the GSC status will need to be saved before power 
down is entered. There will also need to be some meth- 
od of identifying to the CPU that the following Reset is 
probably not a cold start and that other stations on the 
link may have already been initialized. 


The DMA circuitry stops operation in both Idle and 
Power Down modes. Since operation is stopped in both 
modes, the process should be similar in each case. Spe- 
cific steps that need to be taken include: notification to 
other devices that DMA operation is about to cease for 
a particular 
station or network, proper withdrawal 
from DMA operation, and saving the status of the 
DMA channels. Again, the status of the 110 pins dur- 
ing Power Down needs careful consideration to avoid 
damage to the C152 or other components. 


Port 4 returns to its input state, which is high level 
using weak pullup devices. 


The Local Serial Channel (LSC) is the name given to 
the UART that exists on all MCS-5l 
devices. The 
LSC's function and operation is exactly the same as on 
the 80C51BH. For a description on the use of the LSC, 
refer to the 8051/52 Hardware Description Chapter in 
the Intel Embedded Controller Handbook, under Serial 
Interface. 


The Global Serial Channel (GSC) is a multi-protocol, 
high performance serial interface targeted for data rates 
up to 2 MBPS with on-chip clock recovery, and 2.4 
MBPS using the external clock options. In applications 
using the serial channel, the GSC implements the Data 
Link Layer and Physical Link Layer as described in the 
ISO reference model for open systems interconnection. 


The GSC is designed to meet the requirements of a 
wide range of serial communications applications and is 
optimized 
to implement 
Carrier-Sense 
Multi-Access 
with Collision Detection (CSMA/CD) 
and Synchro- 


nous Data Link Control (SDLC) protocols. The GSC 
architecture is also designed to provide flexibility in de- 
fining non-standard protocols. This provides the ability 
to retrofit new products into older serial technologies, 
as well as the development of proprietary interconnect 
schemes for serial backplane environments. 


The versatility of the GSC is demonstrated by the wide 
range of choices available to the user. The various 
modes of operation are summarized in Table 3.I. In 
subsequent sections, each available choice of operation 
will be explained in detail. 


In using Table 3.1, the parameters listed vertically (on 
the left hand side) represent an option that is selected 
(X). The parameters listed horizontally (along the top 
of the table) are all the parameters that could theoreti- 
cally be selected 00. The symbol at the junction of 
both X and Y determines the applicability of the option 
Y. 


Note, that not all combinations are backwards compati- 
ble. For example, Manchester encoding requires half 
duplex, but half duplex does not require Manchester 
encoding. 


ADDRESS 
DATA 
DU· 
ACKNOW- 
RECOG· 
PRE· 


ENCODING 
FLAGS 
CRC 
PLEX 
LEDGE 
NITION 
BACKOFF 
AMBLE 


M 
N 
N 
0 
1 
N 
1 
3 
H 
F 
N 
H 
U 
N 
8 
1 
N 
A 
D 
N 
8 
A 
R 
R 
1 
1 
0 
6 
2 
A 
U 
0 
A 
S 
0 
B 
6 
0 
L 
E 
0 
B 


N= NOT AVAILABLE 
N 
Z 
Z 
1 
I 
N 
B 
B 
L 
L 
N 
R 
E 
N 
I 
B 
R 
T 
T 
N 
I 


M=MANDATORY 
C 
I 
1 
I 
E 
I 
I 
F 
L 
E 
D 
R 
E 
T 
I 
M 
E 
E 
E 
T 


O=OPTIONAL 
H 
1 
D 
T 
T 
W 
D 
I 
T 
A 
R 
R 
P= NORMALLY PREFERRED 
E 
1 
L 
C 
A 
A 
E 
A 
L 
N 
M 
X=N/A 
S 
1 
E 
C 
U 
R 
F 
L 
A 
I 
T 
0 
I 
T 
E 
I 
L 
T 
N 
E 
T 
0 
. 
N 
E 
I 
R 
E 
S 
D 
T 
I 
C 


DATA ENCODING: 


MANCHESTER(CSMAlCD) 
X 
N 
N 
1 
P 
1 
0 
0 
M 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
N 
0 


NRZI (SDLC) 
N 
X 
N 
P 
1 
1 
0 
0 
0 
0 
0 
N 
P 
0 
0 
0 
N 
N 
N 
0 
0 


NRZ (EXT CLK) 
N 
N 
X 
0 
0 
1 
0 
0 
0 
0 
0 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 


FLAGS:01111110 
(SDLC) 
N 
P 
0 
X 
1 
1 
0 
0 
0 
0 
0 
N 
P 
0 
0 
0 
N 
N 
N 
0 
0 


11/IDLE 
P 
N 
0 
1 
X 
1 
0 
0 
0 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 


CRC:NONE 
1 
1 
1 
1 
1 
X 
N 
N 
1 
N 
1 
1 
1 
1 
1 
1 
N 
N 
N 
1 
1 


16·BITCCITI 
0 
0 
0 
0 
0 
N 
X 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


32·BIT AUTODIN " 
0 
0 
0 
0 
0 
N 
N 
X 
0 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


DUPLEX:HALF 
0 
0 
0 
0 
0 
1 
0 
0 
X 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


FULL 
N 
0 
0 
M 
N 
N 
M 
N 
N 
X 
0 
N 
P 
0 
0 
0 
N 
N 
N 
0 
0 


ACKNOWLEDGEMENT:NONE 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
X 
N 
N 
0 
0 
0 
0 
0 
0 
0 
0 


HARDWARE 
0 
N 
N 
N 
0 
1 
0 
0 
0 
N 
N 
X 
N 
0 
0 
0 
N 
0 
0 
N 
0 


USER DEFINED 
0 
P 
0 
0 
0 
1 
0 
0 
0 
P 
N 
N 
X 
0 
0 
0 
0 
0 
0 
0 
0 


ADDRESS RECOGNITION: 


NONE/ALL 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
X 
N 
N 
0 
0 
0 
0 
0 


8-BIT 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
N 
X 
N 
0 
0 
0 
0 
0 


16-BIT 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
N 
N 
X 
0 
0 
0 
0 
0 


COLLISION RESOLUTION: 


NORMAL 
0 
N 
0 
N 
0 
N 
0 
0 
M 
N 
0 
N 
0 
0 
0 
0 
X 
N 
N 
N 
0 


ALTERNATE 
0 
N 
0 
N 
0 
N 
0 
0 
M 
N 
0 
0 
0 
0 
0 
0 
N 
X 
N 
N 
0 


DETERMINISTIC 
0 
N 
0 
N 
0 
N 
0 
0 
M 
N 
0 
0 
0 
0 
0 
0 
N 
N 
X 
N 
0 


PREAMBLE:NONE 
N 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
N 
0 
0 
0 
0 
N 
N 
N 
X 
N 


8-BIT 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
N 
X 


32-BIT 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
N 
N 


64-BIT 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
N 
N 


JAM:D.C. 
M 
N 
N 
N 
0 
N 
0 
0 
M 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
N 
0 


CRC 
M 
N 
N 
N 
0 
N 
0 
0 
M 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
N 
0 


CLOCKING:EXTERNAL 
N 
M 
N 
0 
0 
N 
0 
0 
0 
0 
0 
N 
0 
0 
0 
0 
N 
N 
N 
0 
0 


INTERNAL 
0 
0 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


CONTROL: CPU 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


DMA 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


RAW RECEIVE: 
1 
1 
1 
1 
1 
1 
1 
1 
1 
N 
1 
1 
1 
1 
1 
1 
0 
0 
0 
1 
1 


RAW TRANSMIT: 
1 
1 
1 
1 
1 
1 
1 
1 
1 
N 
1 
1 
1 
1 
1 
1 
N 
N 
N 
1 
1 


CSMA/CD: 
0 
N 
2 
1 
P 
1 
0 
0 
M 
N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
N 
0 


SDLC: 
N 
0 
0 
P 
1 
1 
0 
0 
0 
0 
0 
N 
0 
0 
0 
0 
N 
N 
N 
P 
0 


inter 


. 
., . 
PRE· 
AMBLE 
JAM 
CLOCK 
CONTROL 
3 
6 
D 
C 
E 
I 
C 
D 
R 
R 
C 
S 
2 
4 
C 
R 
X 
N 
P 
M 
A 
A 
S 
D 
N=NOT 
AVAILABLE 
B 
B 
C 
T 
T 
U 
A 
W 
W 
M 
L 
M = MANDATORY 
I 
I 
/ 
E 
E 
R 
T 
A 
C 
0= 
OPTIONAL 
T 
T 
R 
R 
E 
R 
/ 


P = NORMALLY 
PREFERRED 
N 
N 
C 
A 
C 
X=N/A 
A 
A 
E 
N 
D 


.- 
)J ;cJ', 
L 
L 
."-'.; 
I 
S 
V 
M 
.. 
-. 


E 
I 
T 


DATA ENCODING, 


MANCHESTER 
0 
0 
0 
0 
N 
M 
0 
0 
0 
0 
M 
N 


NRZI 
0 
0 
N 
N 
N 
M 
0 
0 
0 
0 
N 
M 


NRZ 
0 
0 
0 
0 
M 
N 
0 
0 
0 
0 
0 
0 


FLAGS:01111110 
0 
0 
N 
N 
0 
0 
0 
0 
0 
1 
1 
P 


11/IDLE 
. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
P 
1 


CRC:NONE 
1 
1 
N 
N 
1 
1 
1 
1 
1 
1 
1 
1 


16-8ITCCITI 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 


32-81T AUTODIN 
II 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 


DUPLEX:HALF 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


FULL 
0 
0 
N 
N 
0 
0 
0 
0 
N 
N 
N 
P 


ACKNOWLEDGEMENT:NONE 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


HARDWARE 
0 
0 
0 
0 
N 
0 
0 
0 
N 
N 
0 
N 


USER DEFINED 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 


ADDRESS 
RECOGNITION: 


NONE 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


8-81T 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 


16-81T 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 


COLLISION 
RESOLUTION, 


NORMAL 
0 
0 
0 
0 
N 
0 
0 
0 
0 
N 
M 
N 


ALTERNATE 
0 
0 
0 
0 
N 
0 
0 
0 
0 
N 
M 
N 


DETERMINISTIC 
0 
0 
0 
0 
N 
0 
0 
0 
0 
N 
M 
N 


PREAM8LE:NONE 
N 
N 
N 
N 
0 
0 
0 
0 
0 
0 
N 
P 


8-81T 
N 
N 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 


32-81T 
X 
N 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 


64-81T 
N 
X 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 


JAM:D.C. 
0 
0 
X 
N 
2 
0 
0 
0 
0 
N 
M 
N 
CAe 
0 
0 
N 
X 
2 
0 
0 
0 
0 
N 
M 
N 


CLOCKING:EXTERNAL 
0 
0 
N 
N 
X 
N 
0 
0 
0 
0 
2 
0 


INTERNAL 
0 
0 
0 
0 
N 
X 
0 
0 
0 
0 
0 
0 


CONTROL:CPU 
0 
0 
0 
0 
0 
0 
X 
N 
0 
0 
0 
0 


DMA 
0 
0 
0 
0 
0 
0 
N 
X 
0 
0 
0 
0 


RAW RECEIVE, 
1 
1 
0 
0 
1 
1 
1 
1 
X 
N 
1 
1 


RAW TRANSMIT: 
1 
1 
N 
N 
1 
1 
1 
1 
N 
X 
1 
1 


CSMAlCD: 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
X 
N 


SDLC: 
0 
0 
N 
N 
0 
0 
0 
0 
0 
0 
N 
X 


Note 
I: Programmable 
in Raw transmit 
or receive 
mode. 


Note 2: When CSMA/CD is enabled, an external clock 
can be used on the transmitter, 
but not the receiver. 
Since the receiver monitors the link for Manchester vio- 
lations, external hardware would be required to refor- 
mat the data from NRZ to Manchester on the transmit- 
ter. These hardware requirements go beyond the expec- 
tations of this table for implementation. For that reason 
it was assumed that the external clock cannot be used 
at aU with CSMA/CD protocol, although it is actually 
possible to do so. 


Almost all the options available from Table 3.1 can be 
implemented with the proper software to perform the 
functions that are necessary for the options selected. In 
Table 3.1, a judgment has been made by the authors on 
which options are practical and which are not. What 
this means is that in Table 3.1, an "N" should be inter- 
preted as meaning that the option is either not practical 
when implemented with user software or that it cannot 
be done. An "0" is used when that function is one of 
several that can be implemented with the GSC without 
additional user software. 


The GSC is targeted to operate at bit rates up to 2.4 
MBps using the external clock options and up to 2 
MBps using the internal baud rate generator, internal 
data formatting and on-chip clock recovery. The baud 
rate 
generator 
allows 
most 
standard 
rates 
to 
be 
achieved. 
These 
standards 
include 
the 
proposed 
IEEE802.3 LAN standard (1.0MBps) and the T1 stan- 
dard (1.544MBps). The baud rate is derived from the 
crystal frequency. This makes crystal selection impor- 
tant when determining the frequency and accuracy of 
the baud rate. 


CSMA/CD 
operates by sensing the transmission line 
for a carrier, which indicates link activity. At the end of 
link activity, a station must wait a period of time, called 
the deference period, before transmission may begin. 
The deference period is also known as the interframe 
space. The interframe space is explained in Section 
3.2.3. 


With this type of operation, there is always the possibil- 
ity of a collision occurring after the deference period 
due to line delays. If a collision is detected after trans- 
mission is started, a jamming mechanism is used to en- 
sure that all stations monitoring the line are aware of 
the collision. A resolution algorithm is then executed to 
resolve the contention. There are three different modes 


of collision resolution made available to the user on the 
C152. Re-transmission is attempted when a resolution 
algorithm indicates that a station's opportunity has ar- 
rived. 


Normally, in CSMA/CD, 
re-transmission slot assign- 
ments are intended to be random. This method gives all 
stations an equal opportunity to utilize the serial com- 
munication link but also leaves the possibility of anoth- 
er collision due to two stations having the same slot 
assignment. There is an option on the Cl52 which al- 
lows all the stations to have their slot assignments pre- 
viously determined by user software. This pre-assign- 
ment of slots is called the deterministic 
resolution 
mode. This method allows resolution after the first col- 
lision and ensures the access of the link to each station 
during the resolution. Deterministic resolution can be 
advantageous when the link is being heavily used and 
collisions are frequently occurring and in real time ap- 
plications where determinism is required. Deterministic 
resolution may also be desirable if it is known before- 
hand that a certain station's communication needs to be 
prioritized over those of other stations if it is involved 
in a collision. 


The frame format in CSMA/CD 
consists of a pream- 
ble, Beginning of Frame flag (BOP), address field, in- 
formation field, CRC, and End of Frame flag (E0p) as 
shown in Figure 3.1. 


IPREAMBLE 
~ 
ADDRESS 
~ 


Figure 3.1 Typical 
CSMA/CD 
Frame 


PREAMBLE - The preamble is a series of alternating 
Is and Os.The length of the preamble is programmable 
to be 0,8,32, 
or 64 bits. The purpose of the preamble is 
to allow all the receivers to synchronize to the same 
clock edges and identifies to the other stations on-line 
that there is activity indicating the link is being used. 
For these reasons zero preamble length is not compati- 
ble with standard CSMA/CD, 
protocols. When using 
CSMA/CD, the BOF is considered part of the pream- 
ble compared to SDLC, where the BOF is not part of 
the preamble. This means that if zero preamble length 
were to be used in CSMA/CD mode, no BOF would be 
generated. It is strongly recommended that zero pream- 
ble length never be used in CSMA/CD 
mode. If the 
preamble contains two consecutive Os,the preamble is 
considered invalid. If the CI52 detects an invalid pre- 
amble, the frame is ignored. 


BOF - In CSMA/CD the Beginning-Of-Frame is a part 
of the preamble and consists of two sequential Is. The 
purpose of the BOF is to identify the end of the pream- 
ble and indicate to the receiver(s) that the address will 
immediately follow. 


inter 


ADDRESS - The address field is used to identify which 
messages are intended for which stations. The user 
must assign addresses to each destination and source. 
How the addresses are assigned, how they are main- 
tained, and how each transmitter 
is made aware of 
which addresses are available is an issue that is left to 
the user. Some suggestions are discussed in Section 
3.5.5. Generally, each address is unique to each station 
but there are special cases where this is not true. In 
these special cases, a message is intended for more than 
one station. These multi-targeted messages are called 
broadcast or multicast-group 
addresses. A broadcast 
address consisting of all Is will always be received by 
all stations. A multicast-group address usually is indi- 
cated by using a las the first address bit. The user can 
choose to mask off all or selective bits of the address so 
that the GSC receives all messages or multicast-group 
messages. The address length is programmable to be 8 
or 16 bits. An address consisting of all Is will always be 
received by the GSC on the C152. The address bits are 
always passed from the GSC to the CPU. With user 
software, the address can be extended beyond 16 bits, 
but the automatic address recognition will only work 
on a maximum of 16 bits. User software will have to 
resolve any remaining address bits. 


INFO - This is the information field and contains the 
data that one device on the link wishes to transmit to 
another device. It can be of any length the user wishes 
but needs to be in multiples of 8 bits. This is because 
multiples of 8 bits are used to transfer data into or out 
of the GSC FIFOs. The information field is delineated 
from the rest of the components of the frame by the 
preceding address field and the following CRC. The 
receiver determines the position of the end of the infor- 
mation field by passing the bytes through a temporary 
storage space. When the EOF is received the bytes in 
temporary storage are the CRC, and the last bit re- 
ceived previous to the CRC constitute the end of the 
information field. 


CRC - The Cyclic Redundancy Check (CRe) is an er- 
ror checking algorithm commonly used in serial com- 
munications. The CI52 offers two types of CRC algo- 
rithms, a 16-bit and a 32-bit. The 16-bit algorithm is 
normally used in the SDLC mode and will be described 
in the SDLC section. In CSMA/CD applications either 


algorithm can be used but IEEE 802.3 uses a 32-?it 
CRC. The generation polynomial the CI52 uses With 
the 32-bit CRC is: 
G(X) = X32 + X26 + X23 + X22 + X16 + X12 + 
Xli + XIO + X8 + X7 + XS + X4 + X2 
+X+I 


The CRC generator, as shown in Figure 3.2, operates 
by taking each bit as it is received and XOR'ing it with 
bit 31 of the current CRC. This result is then placed in 
temporary storage. The result of XOR'ing bit 31 with 
the received bit is then XOR'd with bits 0, I, 3, 4, 6, 7, 
9, 10, II, 15,21,22,25 
as the CRC is shifted right one 
position. When the CRC is shifted right, the temporary 
storage space holding the result of XOR'ing bit 31 and 
the incoming bit is shifted into position O. The whole 
process is then repeated with the next incoming or out- 
going bit. 


The user has no access to the CRC generator or the bits 
which constitute the CRC while in CSMA/CD. 
On 
transmission, the CRC is automatically appended to 
the data being sent, and on reception, the CRC bits are 
not normally loaded into the receive FIFO. Instead, 
they are automatically stripped. The only indication the 
user has for the status of the CRC is a pass/fail flag. 
The pass/fail flag only operates during reception. A 
CRC is considered as passing when the the CRC gener- 
ator has 11000111 0ססoo100 11011010 OllllOllB 
as a 
remainder after all of the data, including the CRC 
checksum, from the transmitting station has been cy- 
cled through the CRC generator. The preamble, BOF 
and EOF are not included as part of the CRC algo- 
rithm. An interrupt is available that will interrupt the 
CPU if the CRC of the receiver is invalid. The user can 
enable the CRC to be passed to the CPU by placing the 
receiver in the raw receive mode. 


This method of calculating the CRC is compatible with 
IEEE 802.3. 


EOF - The End Of Frame indicates when the transmis- 
sion is completed. The end flag in CSMA/CD consists 
of an idle condition. An idle condition is assumed when 
there is no transitions and the link remains high for 2 or 
more bit times. 


The interframe 
space is the amount 
of time that trans- 
mission is delayed after the link is sensed as being idle 
and is used to separate transmitted 
frames. In alternate 
backoff mode, the interframe 
space may also be includ- 
ed in the determination 
of when retransmissions 
may 
actually 
begin. The Cl52 
allows programmable 
inter- 
frame spaces of even numbers 
of bit times from 2 to 
256. 


The period of the interframe 
space is determined 
by the 
contents 
of IFS. IFS is an SFR that is programmable 
from 0 to 254. The interframe 
space is measured 
in bit 
times. 
The 
value 
in IFS 
multiplied 
by the bit time 
equals the interframe 
space unless IFS equals O. If IFS 
does equal 0, then the interframe 
space will equal 256 
bit times. One of the considerations 
when loading 
the 
IFS is that only even numbers 
(LSB must be 0) can be 
used because only the 7 most significant 
bits are loaded 
into IFS. The LSB is controlled 
by the GSC and deter- 
mines which half of the IFS is currently 
being used. In 


some modes, the interframe 
space timer is re-triggered 
if activity is detected 
during the first half of the period. 
The GSC determines 
which half of the interframe 
space 


is currently 
being used by examining 
the LSB. A one 
indicates 
the first half and zero indicates 
the second 
half of the IFS. 


After reset IFS is 0, which delays the first transmission 
for both SDLC and CSMA/CD 
by 256 bit times (after 
reset, a bit time equals 8 oscillator 
clock periods). 


In most applications, 
the period of the interframe 
space 


will be equal 
to or greater 
than 
the amount 
of time 
needed 
to turn-around 
the received 
frame. 
The turn- 
around 
period is the amount 
of time that is needed by 


user software 
to complete 
the handling 
of a received 
frame and be prepared 
to receive the next frame. 
An 
interframe 
space smaller than the required 
turn-around 
period could be used, but would allow some frames to 
be missed. 


When a GSC transmitter 
has a new message to send, it 
will first sense the link. If activity is detected, 
transmis- 


sion will be deferred 
to allow the frame in progress 
to 


complete. 
When link activity ceases, the station contin- 
ues deferring 
for one interframe 
space period. 


As mentioned 
earlier, the interframe 
space is used dur- 


ing the collision resolution 
period as well as during nor- 
mal transmission. 
The backoff method 
selected affects 


how 
the deference 
period 
is handled 
during 
normal 
transmission. 
If normal 
backoff 
mode 
is selected, 
the 
interframe 
space timer is reset if activity occurs during 
approximately 
the first half of the interframe 
space. If 
alternate 
backoff 
or deterministic 
backoff 
is selected, 


the timer is not reset. In all cases when the interframe 
space timer expires, transmission 
may begin, regardless 


if there 
is activity 
on the link or not. 
Although 
the 


CI52 resets the interframe 
space timer if activity is de- 


tected during the frrst one-half of the interframe 
space, 


this is not necessarily 
true of all CSMA/CD 
systems. 


(IEEE 
802.3 recommends 
that the interframe 
space be 


reset if activity is detected during the first two-thirds 
or 


less of the interframe 
space.) 


inter 


Manchester encoding/decoding is automatically select- 
ed when the user software selects CSMA/CD transmis- 
sion mode (See Figure 3.3). In Manchester encoding 
the value of the bit is determined by the transition in 
the middle of the bit time, a positive transition is decod- 
ed as a 1 and a negative transition is decoded as a O. 


If the external IX clock feature is chosen the transmis- 
sion mode is always NRZ (see Section 3.5.11). Using 
CSMA/CD 
with the external clock option is not sup- 


ported because the data needs reformatting from NRZ 
to Manchester for the receiver to be able to detect code 
violations and collisions. 


The GSC hardware detects collisions by detecting Man- 
chester waveform violations at its GRXD pin. Three 
kinds of waveform violations are detected: a missing 
O-to-I transition where one was expected, a I-to-o tran- 
sition where none was expected, and a waveform that 
stays low (or high) for too short a time. 


A valid Manchester waveform must have a transition at 
the midpoint of any bit cell, and may have a transition 
at the edge of any bit cell. Therefore, transitions will 
nominally be separated by either 1/2 bit-time or I bit- 
time. 


The GSC samples the GRXD pin at the rate of 8 x the 
bit rate. The sequence of samples for the received bit 
sequence 001 would nominally be: 


samples: 
1 1 1 1 0000: 
1 1 1 1 0000: 
00001 
1 1 1 : 
bitvalue: 
0 
0 
1 
:<-bit cell->: <-bit cell-> :<-bit cell-> : 


The sampling system allows a jitter tolerance of ± I 
sample for transitions that are 1/2 bit-time apart, and 
± 2 samples for transitions that are I bit-time apart. 


A valid Manchester waveform must stay high or low 
for at least a half bit-time, nominally 4 sample-times. 
Jitter tolerance allows a waveform which stays high or 
low for 3 sample-times to also be considered valid. A 
sample sequence which shows a second transition only 
I or 2 sample-times after the previous transition is con- 
sidered to be the result of a collision. Thus, sample 
sequences such asססoo IIססoo and 11110IIII 
are inter- 


preted as collisions. 


The GSC hardware recognizes the collision to have oc- 
curred within 3/8 to 1/2 bit-time following the second 
transition. 


A O-to-I transition is expected to occur at the center of 
any bit cell that begins with O. If the previous I-to-O 
transition occurred at the bit cell edge, a jitter tolerance 
of ± I sample is allowed. Sample sequences such as 
1111:ססOO1111and 1111:0ססoo1111 are valid, where 
":" indicates a bit cell edge. Sequences of the form 
IIII :OOOOOOXXX 
are interpreted as collisions. 


For these kinds of sequences, the GSC recognizes the 
collision to have occurred within I to I 1/8 bit-times 
after the previous I-to-o transition. 


If the previous I-to-O transition occurred at the center 
of the previous bit cell, a jitter tolerance of ± 2 samples 
is 
allowed. 
Thus, 
sample 
sequences 
such 
as 


1111ססoo:ססoo1111 and 11110ססoo:0ססoo1111 are val- 
id. Sequences of the form II I lOOOOO:OOOOOOXXX 
are 


interpreted as collisions. 


For these kinds of sequences, the GSC recognizes the 
collision to have occurred within I 5/8 to I 3/4 bit- 
times after the previous I-to-O transition. 


Unexpected 
1·to-0 Transition 


If the line is at a logic I during the rust half of a bit cell, 
then it is expected to make a I-to-o transition at the 
midpoint of the bit cell. If the transition is missed, it is 
assumed that this bit cell is the first half of an EOF flag 
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(line idle for two bit-times). One bit-time later (which 
marks the midpoint of the next bit cell), if there is still 
no l-to-O transition, a valid EOF is assumed and the 
line idle bit (LNI in TSTAT) gets set. 


However, if the assumed EOF flag is interrupted by a 
l-to-O transition in the bit-time following the first miss- 
ing transition, a collision is assumed. In that case the 
GSC hardware 
recognizes the collision to have oc- 


curred within 1/2 to 5/8 bit-time after the unexpected 
transition. 


How the GSC responds to a detected collision depends 
on what it was doing at the time the collision was de- 
tected. What it might be doing is either transmitting or 
receiving a frame, or it might be inactive. 


The collision is detected whether the GSC is active or 
not. If the GSC is neither transmitting nor receiving at 
the time the collision is detected, it takes no action un- 
less user software has selected the Deterministic Colli- 
sion Resolution (DCR) algorithm. If DCR has been 
selected, the GSC will participate in the resolution al- 
gorithm. 


If the GSC is already in the process of receiving a frame 
at the time the collision is detected, its response de- 
pends on whether the first byte of the frame has been 
transferred into RFIFO yet or not. If that hasn't oc- 
curred, the GSC simply aborts the reception, but takes 
no other action unless DCR has been selected. If DCR 
has been selected, the GSC participates in the resolu- 
tion algorithm. 


If the reception has already progressed to the point 
where a byte has been transferred to RFIFO by the 
time the collision is detected, the receiver is disabled 


(GREN 
= 0), and 'the Receive Error Interrupt 
flag 


RCABT is set. If DCR has been selected, the GSC 
participates in the resolution algorithm. 


Incoming bits take 1/2 bit time to get from the GRXD 
pin to the bit decoder. The bit decoder strips off the 
preamblelBOF bits, and the first bit after BOF is shift- 
ed into a serial strip buffer. The length of the strip 
buffer is equal to the number of bits in the selected 
CRC. It is within this buffer that address recognition 
takes place. If the address is recognized as one for 
which reception should proceed, then when the first 
address bit exits the strip buffer it is shifted into an 8-bit 
shift register. When the shift register is full, its content 
is transferred to RFIFO. That is the event that deter- 
mines whether a collision sets RCABT or not. 


If the GSC is in the process of transmitting a frame at 
the time the collision is detected, it will in every case 
execute its jamlbackoff procedure. Its reponse beyond 
that depends on whether the first byte of the frame has 
been transferred from TFIFO to the output shift regis- 
ter yet or not. That transfer takes place at the beginning 
of the first bit of the BOF; that is, 2 bit-times before the 
end of the preamblelBOF 
sequence. 


If the transfer from TFIFO hasn't occurred yet, the 
GSC hardware will try again to gain access to the line 
after its backoff time has expired. Up to 8 automatic 
restarts can be attempted. If the 8th restart is interrupt- 
ed by yet another collision, the transmitter is disabled 
(TEN 
= 0) and the Transmit 
Error Interrupt 
flag 


TCDT is set. 


If the transfer from TFIFO occurs before a collision is 
detected, the transmitter is disabled (TEN = 0) and 
the TCDT flag is set. 


The response of the GSC to detected collisions is sum- 
marized in Figure 3.4. 


What the GSC was doing 
Response 


nothing 
None, unless DCR = 1. 
If DCR = 1, begin DCR countdown. 


Receiving 
a Frame, first 
None, unless DCR = 1. 


byte not in RFIFO yet. 
If DCR = 1, begin DCR countdown. 


Receiving 
a Frame, first 
Set RCABT, clear GREN. 
byte already in RFIFO. 
If DCR = 1, begin DCR countdown. 


Transmitting 
a Frame, first 
Execute jam/backoff. 


byte still in TFIFO 
Restart if collision 
count 
~ 8. 


Transmitting 
a Frame, first 
Execute jam/backoff. 
byte already taken from TFIFO 
Set TCDT, clear TEN. 


Figure 3·4. Response 
to a Detected 
Collision. 
References 
to DCR and the DCR Countdown 
Have to Do with the Deterministic 
Collision 
Resolution 
Algorithm. 
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The jam signal is generated by any 8XCI52 that is in- 
volved in transmitting a frame at the time a collision is 
detected at its GRXD pin. This is to ensure that if one 
transmitting station detects a collision, all the other sta- 
tions on the network will also detect a collision. 


If a transmitting 8XCI52 detects a collision during the 
preamblelBOF 
part of the frame that it is trying to 
transmit, it will complete the preamblelBOF 
and then 
begin the jam signal in the first bit time after BOF. If 
the collision is detected later in the frame, the jam sig- 
nal will begin in the next bit time after the collision was 
detected. 


The jam signal lasts for the same number of bit times as 
the selected CRC length--either 
16- or 32-bit times. 


The 8XCI52 provides two types of jam signals that can 
be selected by user software. If the node is DC-coupled 
to the network, the DC jam can be selected. In this case 
the GTXD pin is pulled to a logic°for the duration of 
the jam. If the node is AC-coupled to the network, then 
AC jam must be selected. In this case the GSC takes 
the CRC it has calculated thus far in the transmission, 
inverts each bit, and transmits the inverted CRC. The 
selection of DC or AC jam is made by setting or clear- 
ing the DCJ bit, which resides in the SFR named 
MYSLOT. 


When the jam signal is completed, the 8XCI52 goes 
into an idle state. Presumeably, other stations on the 
network are also generating their own jam signals, after 
which they too go into an idle state. When the 8XC152 
detects the idle state at its own GRXD pin, the backotT 
sequence begins. 


There are three software selectable collision resolution 
algorithms in the 8XC152. The selection is made by 
writing values to 3 bits: 


OCR 
M1 
MO 
Algorithm 
° 
° 
0 
Normal Random 
0 
1 
1 
Alternate 
Random 
1 
1 
1 
Deterministic 


MI 
and 
MO reside in GMOD, 
and 
DCR 
is in 
MYSLOT. 


In the Normal Random algorithm, the GSC backs otT 
for a random number of slot times and then decides 
whether to restart the transmission. The backotT time 
begins as soon as a line idle condition is detected. 


The Alternate Random algorithm is the ~ame as the 
Normal Random except the backotT time doesn't start 
until an IFS has transpired. 


In the Deterministic algorithm, the GSC backs otT to 
await its pre-determined turn. 


In either of the random algorithms, the first thing that 
happens after a collision is detected is that a 1 gets 
shifted into the TCDCNT (Transmit Collision Detect 
Count) register, from the right. 


Thus if the software cleared TCDCNT before telling 
the GSC to transmit, then TCDCNT 
keeps track of 
how many times the transmission had to be aborted 
because of collisions: 
TCDCNT = 
0ס0ooooo 
ס0ooooo1 


o00ooo11 
0ססoo111 
ססoo1111 


first attempt 
first collision 
second collision 
third collision 
fourth collision 


After TCDCNT 
gets a 1 shifted into it, the logical 
AND of TCDCNT and PRBS is loaded into a count- 
down timer named BKOFF. PRBS is the name of an 
SFR which contains the output of a pseudo-random 
binary sequence generator. Its function is to provide a 
random number for use in the backotTalgorithm. 


Thus on the first collision BKOFF gets loaded random- 
ly with either 0ס0ooooo orס0ooooo1. If there is a sec- 
ond collision it gets loaded with the random selection of 
0ס0ooooo,ס0ooooo1, o00ooo10, or o00ooo11. On the 
third collision there will be a random selection among 8 
possible numbers. On the fourth, among 16, etc. Figure 
3.5 shows the logical arrangement of PRBS, TCDCNT, 
and BKOFF. 


BKOFF starts counting down from its preload value, 
counting slot times. At any time, the current value in 
BKOFF can be read by the CPU, but CPU writes to 
BKOFF 
have no etTect. While BKOFF 
is counting 
down, if its current value is not 0, transmission is dis- 
abled. The output signal "BKOFF 
= 0" is asserted 
when BKOFF reaches 0, and is used to re-enable trans- 
mission. 


At that 
time transmission 
can proceed, 
subject of 
course to IFS enforcement, unless: 
• shifting a 1 into TCDCNT from the right caused a 1 
to shift out from the MSB of TCDCNT, or 
• the collision was detected after TFIFO had been ac- 
cessed by the transmit hardware. 


In either of these cases, the transmitter 
is disabled 
(TEN = 0) and the Transmit Error flag TCDT is set. 
The automatic restart is canceled. 


Where the Normal and Alternate Random backoff al- 
gorithms differ is that in Normal Random backoff ~he 
BKOFF timer starts counting down as soon as a Ime 
idle condition is detected, whereas in Alternate Ran- 
dom backoff the BKOFF timer doesn't start counting 
down till the IFS expires. 


The Alternate 
Random mode was designed for net- 
works in which the slot time is less than the IFS. If the 
randomly assigned backoff time for a given transmitter 
happens to be 0, then it is free to transmit as soon as the 
IFS ends. If the slot time is shorter than the IFS, Nor- 
mal Random 
mode would nearly guarantee that if 
there's a first collision there will be a second collision. 
The situation is avoided in Alternate Random mode, 
since the BKOFF countdown doesn't start till the IFS 
is over. 


The unit of count to the BKOFF timer is the slot time. 
The slot time is measured in bit-times, and is deter- 
mined by a CPU write to the register SLOTTM. The 
slot time clock is a I-byte downcounter which starts its 
countdown from the value written to SLOTTM. It is 
decremented each bit time when a backoff is in prog- 
ress, and when it gets to I it generates one tick in the 
slot time clock. The next state after I is the reload value 
which was written to SLOTTM. If 0 is the value writ- 
ten to SLOTTM, the slot time clock will equal 256 bit 
times. 


A CPU write to SLOTTM accesses the reload register. 
A CPU read of SLOTTM accesses the downcounter. In 
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most protocols, the slot period must be equal to or 
greater than the longest round trip propagation time 
plus the jam time. 


Deterministic 
Sackott 


In the Deterministic backoff mode, the GSC is assigned 
(in software) a slot number. The s~otassignment is wri!- 
ten to the low 6 bits of the regIster MYSLOT. This 
same register also contains, in the 2 high bit positions, 
the control bits DCJ and DCR. 


Slot assignments therefore can run from 0 to 63. It will 
turn out that the higher the slot assignment, the sooner 
the GSC will get to restart its transmission in the event 
of a collision. 


The highest slot assignment in the network is written 
by each station's software into its TCDCNT register. 
Normally the highest slot assignment is just the total 
number of stations that are going to participate in the 
backoff algorithm. 


In deterministic backoff mode a collision will not cause 
a I to be shifted into TCDCNT. TCDCNT will still be 
ANDed with PRBS and the result loaded into BKOFF. 
In order to insure that all stations have the same value 
loaded into BKOFF, which determines the first slot 
number to occur, the PRBS should be loaded with 
OFFH; the PRBS will maintain this value until either 
the 8XCI52 is reset or the user writes some other value 
into PRBS. After BKOFF is loaded it begins counting 
down slot times as soon as the IFS ends. Slot times are 
defined by the user, the same way as before, by loading 
SLOTTM with the number of bit times per slot. 
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When BKOFF equals the slot assignment (as defined in 
MYSLOT), the signal "BKOFF = MYSLOT" in Fig- 
ure 3.5 is asserted for one slot time, during which the 
GSC can restart its transmission. 


While BKOFF is counting down, if any activity is de- 
tected at the GRXO pin, the countdown is frozen until 
the activity ends, a line idle condition is detected, and 
an IFS transpires. Then the countdown resumes from 
where it left off. 


If a collision is detected at the GRXO 
pin while 
BKOFF is counting down, the collision resolution algo- 
rithm is restarted from the beginning. 


In effect, the GSC "owns" its assigned slot number, but 
with one exception. 
Nobody owns slot number 
O. 
Therefore if the GSC is assigned slot number 0, then 
when BKOFF = 0, this station and any other station 
that has something to say at this time will have an 
equal chance to take the line. 


Hardware Based Acknowledge (HBA) is a data link 
packet acknowledging scheme that the user software 
can enable with CSMA/CO 
protocol. It is not an op- 
tion with SOLC protocol however. 


In general HBA can give improved system response 
time and increased effective transmission rates over ac- 
knowledge schemes implemented in higher layers of the 
network architecture. Another benefit is the possibility 
of early release of the transmit buffer as soon as the 
acknowledge is received. 


The acknowledge consists of a preamble followed by an 
idle condition. A receiving station with HABEN en· 
abled will send an acknowledge only if the incoming 
address is unique to the receiving station and if the 
frame is determined to be correct with no errors. For 
the acknowledge to be sent, ten must be set. For the 
transmitting 
station 
to 
recognize 
the 
acknowledge 
GREN must be set. A zero as the LSB of the address 
indicates that the address is unique and not a group or 
broadcast address. Errors can be caused by collisions, 
incorrect CRC, misalignment, or FIFO overflow. The 
receiver sends the acknowledge as soon as the line is 


sensed to be idle. The user must program the interframe 
space and the preamble length such that the acknowl- 
edge is completed before IFS expires. This is normally 
done by programming IFS larger than the preamble. 


A transmitting station with RABEN enabled expects 
an acknowledge. It must receive one prior to the end of 
the interframe space, or else an error is assumed and 
the NOACK bit is set. Setting of the TON bit is also 
delayed until the end of the interframe space. Collisions 
detected during the interframe space will also cause 
NOACK to be set. 


The user software may enable the interrupt so that the 
CPU is notified when TON is set. If the GSC is serv- 
iced by OMA, the user must time out one interframe 
space and then check the NOACK bit or the TON bit. 


SOLC is a communication protocol developed by IBM 
and widely used in industry. It is based on a primary/ 
secondary architecture and requires that each second- 
ary station have a unique address. The secondary sta- 
tions can only communicate to the primary station, and 
then, only when the primary station allows communi- 
cation to take place. This eliminates the possibility of 
contention on the serial line caused by the secondary 
station's trying to transmit simultaneously. 


In the C152, SOLC can be configured to work in either 
full or half duplex. When adhering to strict SOLC pro- 
tocol, full duplex is required. Full duplex is selected 
whenever a 16-bit CRC is selected. At the end of a valid 
reset the 16-bit CRC is selected. To select half duplex 
with a 16-bit CRC, the receiver must be turned off by 
user software 
before transmission. 
The 
receiver is 
turned off by clearing the GREN bit (RSTAT.l). 
The 
receiver needs to be turned off because the address that 
is transmitted is the address of the secondary station's 
receiver. If not turned off, the receiver could mistake 
the outgoing message as being intended for itself. When 
32-bit CRCs are used, half duplex is the only method 
available for transmission. 
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The format of an SOLC frame is shown in Figure 3.6. 
The frame consists of a Beginning of Frame flag, Ad- 
dress field, Control Field, Information field (optional), 
a CRC, and the End of Frame flag. 


~ 
ADDRESS I CONTROL 
~ 


Figure 3.6. Typical SOLe Frame 


BOF - The begin of frame flag for SOLC is 01111110. 
It is only one of two possible combinations that have six 
consecutive ones in SOLC. The other possibility is an 
abort character which consists of eight or more consec- 
utive ones. This is because SOLC utilizes a process 
called bit stuffing. Bit stuffing is the insertion of a 0 as 
the next bit every time a sequence of five consecutive Is 
is detected. The receiver automatically removes a 0 af- 
ter every consecutive group of five ones. This removal 
of the 0 bit is referred to as bit stripping. Bit stuffing is 
discussed in Section 3.3.4. All the procedures required 
for bit stuffing and bit stripping are automatically han- 
dled by the GSC. 


In standard SOLC protocol the BOF signals the start of 
a frame and is limited to 8 bits in length. Since there is 
no preamble in SOLC the BOF is considered an entire 
separate field and marks the beginning of the frame. 
The BOF also serves as the clock synchronization 
mechanism and the reference point for determining the 
position of the address and control fields. 


ADORESS - The address field is used to identify which 
stations the message is intended for. Each secondary 
station must have a unique address. The primary sta- 
tion must then be made aware of which addresses are 
assigned to each station. The address length is specified 
as 8-bits in standard SOLC protocols but it is expand- 
able to 16-bits in the C152. User software can further 
expand the number of address bits, but the automatic 
address recognition feature works on a maximum of 16- 
bits. 


In SOLC the addresses are normally unique for each 
station. However, there are several classes of messages 
that are intended for more than one station. These mes- 
sages are called broadcast and group addressed frames. 
An address consisting of allIs will always be automati- 
cally received by the GSC, this is defmed as the broad- 
cast address in SOLC. A group address is an address 
that is common to more than one station. The GSC 
provides address masking bits to provide the capability 
of receiving group addresses. 


If desired, the user software can mask off all the bits of 
the address. This type of masking puts the GSC in a 
promiscuous mode so that all addresses are received. 


CONTROL - The control field is used for initialization 
of the system, identifying the sequence of a frame, to 
identify if the message is complete, to tell secondary 
stations if a response is expected, and acknowledgement 
of previously sent frames. The user software is responsi- 
ble for insertion of the control field as the GSC hard- 
ware has no provisions for the management of this 
field. The interpretation and formation of the control 
field must also be handled by user software. The infor- 
mation following the control field is typically used for 
information transfer, error reporting, and various other 
functions. These functions are accomplished by the for- 
mat of the control field. There are three formats avail- 
able. The types of formats are Informational, Supervi- 
sory, or Unnumbered. Figure 3.7 shows the various for- 
mat types and how to identify them. 


Since the user software is responsible for the implemen- 
tation of the control field, what follows is a simple ex- 
planation on the control field and its functions. For a 
complete understanding and proper implementation of 
SOLC, the user should refer to the IBM document, 
GA27-3093-2, IBM Synchronous Oata Link Control 
General Information. Within that document, is another 
list of IBM documents which go into detail on the 
SOLC protocol and its use. 


The control field is eight bits wide and the format is 
determined by bits 0 and 1. If bit 0 is a zero, then the 
frame is an informational frame. If bit 0 is a one and bit 
I a zero, then it is a supervisory frame, and if bit 0 is a 
one and bit I a one then the frame is an unnumbered 
frame. 


In an informational frame bits 3,2,1 contain the se- 
quence count of the frame being sent. 


Bit 4 is the P/F (Poll/Final) 
bit. If bit 4 equals I and 
originates from the primary, then the secondary station 
is expected to initiate a transmission. If bit 4 equals I 
and originates from a secondary station, then the frame 
is the fmal frame in a transmission. 


Bits 7,6,5 contain the sequence count a station expects 
on the next transmission to it. The sequence count can 
vary from OOOBto II lB. The count then starts over 
again at OOOBafter the value IIIB is incremented. The 
acknowledgement is recognized by the receiving station 
when it decodes bits 7,6,5 of an incoming frame. The 
station sending the transmission is acknowledging the 
frames received up to the count represented in bits 7,6,5 
(sequence count-I). With this method, up to seven se- 
quential frames may be transmitted 
prior to an ac- 
knowledgement being received. If eight frames were al- 
lowed to pass before an acknowledgement, the sequence 
count would roll over and this would negate the pur- 
pose of the sequence numbers. 
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RECEPtiON 
POLL/ 
SENDING 
01 
SEQUENCE 
FINAL 
SEQUENCE 


RECEPTION 
SEQUENCE - The sequence expected in the SENDING SEQUENCE portion of the control byte 
in the next received frame. This also confirms correct reception of up to seven frames prior to the sequence given. 
POLL/FINAL 
- Identifies the frame as being a polling request from the master station or the last in a series of 
frames from the master or secondary. 
SENDING SEQUENCE - Identifies the sequence of the frame being transmitted. 
o - If bit 0 = 0 the frame is identified as a informational format type. 


IN FORMATION 
FORMAT 


BIT 
7 
6 
5 
POSITIONS- 
RECEPtiON 
SEQUENCE 


3 
2 


MODE 
o 1 


RECEPTION 
SEQUENCE - Expected sequence of frame for next reception. 


POLL/FINAL 
- Identifies frame as being a polling request from the master station or the last in a series of 
frames from the master or secondary. 
MODE - Identifies whether receiver is ready (00), not ready (10) or a frame was rejected (01). The rejected frame 
is identified by the reception sequence. 
0,1 - If bits I,D = 0,1 the frame is identified as a supervisory format type. 


SUPERVISORY 
FORMAT 


BIT 
7 
6 
5 
POSITIONS- 


CQMMAhW/ 
RESPONSE 


432 


POLL/ 
COMMAND/ 
FINAL 
RESPONSE 


COMMAND/RESPONSE 
- Identifies the type of command or response. 


POLL/FINAL 
- Identifies frame as being a polling request from the master station or the last in a series of 
frames from the master or secondary. 
1,1 - If bits I,D = 1,1 the frame is identified as an unnumbered format type. 


NONSEQUENCED 
FORMAT 


Following the informational control field comes the in- 
formation to be transferred. 


In the supervisory format (bits 1,0 = 0,1) bits 3,2 de- 
termine which mode is being used. 


When the mode is 00 it indicates that the receive line of 
the station that sent the supervisory frame is enabled 
and ready to accept frames. 


When the mode is 01, it indicates that previously a 
received frame was rejected. The value in the receive 
count identifies which frame(s) need to be retransmit- 
ted. 


When the mode is 10, the sending station is indicating 
that its receiver is not ready to accept frames. 


Bits 7,6,5 represent the value of the sequence the sta- 
tion expects when the next transfer occurs for that sta- 
tion. There is no information following the control field 
when the supervisory format is used. 


In the unnumbered format (bits 1,0 = 1,1) bits 7, 6, 5, 
3, 2 (notice bit 4 is missing) indicate commands from 
the primary to secondary stations or requests of second- 
ary stations to the primary. 


The standard commands are: 
BITS 
7 
6 
5 
3 
2 
Command 
o 
0 
0 
0 
0 
Unnumbered Information (UI) 
o 
0 
0 
0 
1 
Set initialization mode (SIM) 
o 
1 
0 
0 
0 
Disconnect (DISC) 
o 
0 
1 
0 
0 
Response optional (UP) 
1 
1 
0 
0 
1 
Function descriptor in 
information field (CFGR) 
o 
1 
1 
Identification in information field. (XID) 
1 
0 
0 
Test pattern in information field. (TEST) 


The standard responses are: 


BITS 
7 
6 
5 
3 
2 
Command 
o 
0 
0 
0 
0 
Unnumbered information (UI) 
o 
0 
0 
0 
1 
Request for initialization (RIM) 
o 
0 
0 
1 
1 
Station in disconnected mode (DM) 
1 
0 
0 
0 
1 
Invalid frame received (FRMR) 
o 
1 
1 
0 
0 
Unnumbered acknowledgement 
(UA) 
1 
1 
1 
1 
1 
Signal loss of input (BCN) 
1 
1 
0 
0 
1 
Function descriptor in information field (CFGR) 
o 
1 
0 
0 
0 
Station wants to disconnect (RD) 
1 
0 
1 
1 
1 
Identification in information field (XID) 
1 
1 
1 
0 
0 
Test pattern in information field (TEST) 


In 
an unnumbered 
frame, 
information 
of variable 
length may follow the control field if VI is used, or 
information of fixed length may follow if FRMR 
is 
used. 


As stated earlier, the user software is responsible for the 
proper management of the control field. This portion of 
the frame is passed to or from the GSC FIFOs as basic 
informational type data. 


INFO - This is the information field and contains the 
data that one device on the link wishes to transmit to 
another device. It can be of any length the user wishes, 
but must be a multiple of 8 bits. It is possible that some 
frames may contain no information field. The informa- 
tion field is identified to the receiving stations by the 
preceding control field and the following CRC. The 
GSC determines where the last of the information field 
is by passing the bits through 
the CRC generator. 
When the last bit or EOF is received the bits that re- 
main constitute the CRC. 


CRC - The Cyclic Redundancy Check (CRe) is an er- 
ror checking sequence commonly used in serial com- 
munications. The CI52 offers two types of CRC algo- 


rithms, a l6-bit and a 32-bit. The 32-bit algorithm is 
normally used in CSMA/CD 
applications and is de- 
scribed in section 3.2.2. In most SDLC applications a 
16-bit CRC is used and the hardware configuration that 
supports 16-bit CRC is shown in Figure 3.8. The gener- 
ating polynomial that the CRC generator uses with the 
16-bit CRC is: 


The way the CRC operates is that as a bit is received it 
is XOR'd with bit 15 of the current CRC and placed in 
temporary storage. The result of XOR'ing bit 15 with 
the received bit is then XOR'd with bit 4 and bit II as 
the CRC is shifted one position to the right. The bit in 
temporary storage is shifted into position O. 


The required CRC length for SDLC is 16 bits. The 
CRC is automatically stripped from the frame and not 
passed on to the CPV. The last 16 bits are then run 
though the CRC generator to insure that the correct 
remainder is left. The remainder that is checked for is 
OOlllOIOOOOllllB (IDOF Hex). If there is a mis- 
match, an error is generated. The user software has the 
option of enabling this interrupt so the CPV is notified. 


EOF - The End Of Frame (EOF) indicates when the 
transmission is complete. The EOF is identified by the 
end flag. An end flag consists of the bit pattern 
01111110. The EOF can also serve as the BOF for the 
next frame. 


The transmission of data in SDLC mode is done via 
NRZI encoding as shown in Figure 3.9. NRZI encod- 
ing transmits data by changing the state of the output 
whenever a 0 is being transmitted. 
Whenever a I is 


transmitted the state of the output remains the same as 
the previous bit and remains valid for the entire bit 
time. When SDLC mode is selected it automatically 
enables the NRZI encoding on the transmit line and 
NRZI decoding on the receive line. 


In SDLC mode one of the primary rules of the protocol 
is that in any normal data transmission, there will never 
be an occurrence of more than 5 consecutive Is. The 
GSC takes care of this housekeeping chore by automat- 
ically inserting a 0 after every occurrence of 5 consecu- 
tive Is and the receiver automatically removes a zero 
after receiving 5 consecutive Is. All the necessary steps 
required for implementing bit stuffing and stripping are 
incorporated into the GSC hardware. This makes the 
operation transparent to the user. About the only time 
this operation becomes apparent to the user, is if the 
actual data on the transmission medium is being moni- 
tored by a device that is not aware of the automatic 
insertion of Os. The bit stuffing/stripping 
guarantees 
that there will be at least one transition every 6 bit 
times while the line is active. 


NR~ 


An abort character is one of the exceptions to the rule 
that disallows more than 5 consecutive Is. The abort 
character consists of any occurrence of seven or more 
consecutive ones. The simplest way for the CI52 to 
send an abort character is to clear the TEN bit. This 
causes the output to be disabled which, in turn, forces it 
to a constant high state. The delay necessary to insure 
that the link is high for seven bit times is a task that 
needs to be handled by user software. Other methods of 
sending an abort character are using the IFS register or 
using the Raw Transmit mode. Using IFS still entails 
clearing the TEN bit, but TEN can be immediately re- 
enabled. The next message will not begin until the IFS 
expires. The IFS begins timing out as soon as DEN 
goes high which identifies the end of transmission. This 
also requires that IFS contain a value equal to or great- 
er than 8. This method may have the undesirable effect 
that DEN goes high and disables the external drivers. 
The other alternative is to switch to Raw Transmit 
mode. Then, writing OFFH to TFIFO would generate a 
high output for 8 bit times. This method would leave 
DEN active during the transmission of the abort char- 
acter. 


When the receiver detects seven or more consecutive Is 
and data has been loaded into the receive FIFO, the 
RCABT flag is set in RSTAT and that frame is ig- 
nored. If no data has been loaded into the receive 
FIFO, there are no abort flags set and that frame isjust 
ignored. A retransmitted 
frame may immediately fol- 


Iowan 
abort character, provided the proper flags are 


used. 


If 15 or more consecutive Is are detected by the receiv- 
er the Line Idle bit (LNI) in TSTAT is set. The seven 
Is from the abort character may be included when sens- 
ing for a line idle condition. The same methods used for 
sending the Abort character can be used for creating 
the Idle condition. However, the values would need to 
be changed to reflect 15 bit times, instead of seven bit 
times. 


Acknowledgment in SOLC is an implied acknowledge 
and is contained in the control field. Part of the control 
frame is the sequence number of the next expected 
frame. This sequence number is called the Receive 
Count. In transmitting the Receive Count, the receiver 
is in fact acknowledging all the previous frames prior to 
the count that was transmitted. 
This allows for the 
transmission of up to seven frames before an acknowl- 
edge is required back to the transmitter. The limitation 
of seven frames is necessary because the Receive Count 
in the control field is limited to three binary digits. This 
means that if an eighth transmission occurred 
this 
would cause the next Receive Count to repeat the first 
count that still is waiting for an acknowledge. This 
would defeat the purpose of the acknowledgement. The 
processing and general maintenance of the sequence 
count must be done by the user software. The Hard- 
ware Based Acknowledge option that is provided in the 
CI52 is not compatible with standard SOLC protocol. 


All SOLC networks are based upon a primary/second- 
ary station relationship. There can be only one primary 
station in a network and all the other stations are con- 
sidered secondary. All communication is between the 
primary and secondary station. Secondary station to 
secondary station direct communication is prohibited. 
If there is a need for secondary to secondary communi- 
cation, the user software will have to make allowances 
for the master to act as an intermediary. Secondary 
stations are allowed use of the serial line only when the 
master permits them. This is done by the master polling 
the secondary stations to see if they have a need to 
access the serial line. This should prevent any collisions 
from occurring, provided each secondary station has its 
own unique address. This arrangement also partially 
determines the types of networks supported. Normal 
SOLC networks consist of point-to-point, multi-drop, 
or ring configurations and the CI52 supports all of 
these. However, some SOLC processors support an au- 
tomatic one bit delay at each node that is not supported 
by the C152. In a "Loop Mode" configuration, is is 
necessary that the transmission be delayed from the re- 
ception of the frames from the upstream station before 


passing the message to the downstream station. This 
delay is necessary so that a station can decode its own 
address before the message is passed on. The various 
networks are shown in Figure 3.10. 


HOLC (High level Oata Link Control) is a standard 
adopted by the International 
Standards Organization 
(ISO). The HOLC standard is defined in the ISO docu- 
ment #ISO 6159 - HOLC unbalanced classes ofproce- 
dures. IBM developed the SOLC protocol as a subset of 
HOLC. SOLC conforms to HOLC protocol require- 
ments, but is more restrictive. SOLC contains a more 
precise definition on the modes of operation. 


Some of the major differences between SOLC and 
HOLC are: 
SOLC 
Unbalanced 
(primary/ 
secondary) 
Modulo 8 (no extensions 
allowed, 
up to 7 out- 
standing 
frames before 
acknowledge 
is required) 
8-bit addressing 
only 
Byte aligned data 


HOLC 
Balanced 
(peer to peer) 
Modulo 
128 (up to 127 
outstanding 
frames 
before acknowledge 
is required) 
Extended 
addressing 
Variable size of data 


The CI52 does not support HOLC implementation re- 
quiring data alignment other than byte alignment. The 
user will find that many of the protocol parameters are 
programmable in the CI52 which allows easy imple- 
mentation of proprietary or standard HOLC network. 
User software needs to implement the control field 
functions. 


The explanation on the implementation of user defined 
protocols would go beyond the scope of this manual, 
but examining Table 3.1 should give the reader a con- 
solidated list of most of the possibilities. In this manual, 
any deviation from the documents that cover the imple- 
mentation of CSMA/CO or SOLC are considered user 
defined protocols. Examples of this would be the use of 
SOLC with the 32-bit CRC selected or CSMA/CO 
with hardware based acknowledge. 


Line discipline is how the management of the transfer 
of data over the physical medium is controlled. Two 
types of line discipline will be discussed in this section: 
full duplex and half duplex. 


Full duplex is the simultaneous transmission and recep- 
tion of data. Full duplex uses anywhere from two to 
four wires. At least one wire is needed for transmlssion 
and one wire for reception. Usually there will also be a 
ground reference on each signal if the distance from 
station to station is relatively long. Full-duplex opera- 
tion in the C152 requires that both the receive and the 
transmit 
portion of the GSC are functioning at the 
same time. Since both the transmitter and receiver are 
operating, two CRC generators are also needed. The 
C152 handles this problem by having one 32-bit CRC 
generator and one 16-bit CRC generator. When sup- 
porting full-duplex operation, the 32-bit CRC generator 
is modified to work as a 16-bit CRC generator. When- 
ever the 16-bit CRC is selected, the GSC automatically 
enters the full duplex mode. Half duplex with a 16-bit 
CRC is discussed in the following paragraph. 


Half duplex is the alternate transmission and reception 
of data over a single common wire. Only one or two 
wires are needed in half-duplex systems. One wire is 
needed for the signal and if the distance to be covered is 
long there will also be a wire for the ground reference. 
In half-duplex mode, only the receiver or transmitter 
can operate at one time. When the receiver or transmit- 
ter operates is determined by user software, but typical- 
ly the receiver will always be enabled unless the GSC is 
transmitting. Whenever half duplex is being used the 
software must insure that only the receiver or transmit- 
ter is enabled at any given time. This is particularly 
important when using SDLC, so that the receiver will 
not recognize its own address when the transmitter is 
operating. Half-duplex operation in the CI52 is sup- 
ported with either 16-bit or 32·bit CRCs. Whenever a 
32-bit CRC is selected, only half-duplex operation can 
be supported by the GSC. It is possible to simulate full- 
duplex operation with a 32-bit CRC, but this would 
require that the CRC be performed with software. Cal- 
culating the CRC with the CPU would greatly reduce 
the data rates that could be used with the GSC. When- 
ever a 16-bit CRC is selected, full-duplex operation is 
automatically chosen and the GSC must be reconfig- 
ured if half-duplex operation is preferred. 


3.5.2 PLANNING 
FOR NETWORK 
CHANGES 
AND EXPANSIONS 


A complete explanation on how to plan for network 
expansion will not be covered in this manual as there 
are far too many possibilities that would need to be 
discussed. But there are several areas that will have 
major impact when allowing for changes in the system. 
In cases where there will never be any changes allowed, 
expansion plans become a mute issue. However, it is 
strongly suggested that there always be some allowance 
for future modifications. 


Some of the general areas that will impact the overall 
scheme on how to incorporate future changes to the 
system are: 


I) Communication of the change to all the stations or 
the primary station. 


2) Maximum distance for communication. This will af- 
fect the drivers used and the slot time. 


3) More stations may be on the line at one time. This 
may impact the interframe space or the collision resolu- 
tion used. 


4) If using CSMA/CD 
without deterministic resolu- 
tion, any increase in network size will have a negative 
impact on the average throughput of the network and 
lower the efficiency. The user will have to give careful 
consideration when deciding how large a system can 
ultimately be and still maintain adequate performance. 


There are two sources that can be used to control the 
GSC. The first is CPU control and the second is DMA 
control. 


CPU control is used when user software takes care of 
the tasks such as: loading the TFIFO, reading the RFI- 
FO, checking the status flags, and general tracking of 
the transmission process. As the number of tasks grow 
and higher data transfer rates are used, the overhead 
required by the CPU becomes the dominant consump- 
tion of time. Eventually, a point is reached where the 
CPU is spending 100% of its time responding to the 
needs of the GSC. An alternative is to have the DMA 
channels control the GSC. 


A detailed explanation on the general use of the DMA 
channels is covered in Section 4. In this section only 
those details required for the use of the DMA channels 
with the GSC will be covered. 


The DMA channels can be configured by user software 
so that the GSC data transfers are serviced by the 
DMA controller. Since there are two DMA channels, 
one channel can be used to service the receiver, and one 
channel can be used to service the transmitter. In using 
the DMA channels, the CPU is relieved of much of the 
time required to do the basic servicing of the GSC buff- 
ers. The types of servicing that the DMA channels can 
provide are: loading of the transmit FIFO, removing 
data from the receive FIFO, notification of the CPU 
when the transmission or reception has ended, and re- 
sponse to certain error conditions. When using the 


DMA channels the source or destination of the data 
intended for serial transmission can be internal data 
memory, external data'memory, or any of the SFRs. 


The only tasks required after initialization of the DMA 
and GSC registers are enabling the proper interrupts 
and informing the DMA controller when to start. After 
the DMA channels are started all that is required of the 
CPU is to respond to error conditions or wait until the 
end of transmission. 


Initialization of the DMA channels requires setting up 
the control, source, and destination address registers. 
On the DMA channel servicing the receiver, the con- 
trol register needs to be loaded as follows: DCONn.2 = 
0, this sets the transfer mode so that response is to GSC 
interrupts and put the DMA control in alternate cycle 
mode; DCONn.3 = I, this enables the demand mode; 
DCONn.4 
= 0, this clears the automatic increment 
option for the source address; and DCONn.5 = 1, this 
defines the source as SFR. The DMA channel servicing 
the receiver also needs its source address register to 
contain the address of RFIFO 
(SARHN 
= XXH, 
SARLN = OF4H). On the DMA channel servicing the 
transmitter, the control register needs to be loaded as 
follows: DCONn.2 = 0; DCONn.3 = 1; DCONn.6 = 
0, this clears the automatic increment option for the 
destination address; and DCONn.7 
= 1, this sets the 
destination 
as SFR. The DMA channel serving the 
transmitter 
also requires that its destination address 
register contains the address of TFIFO (DARHN 
= 
XXH, 
DARLN 
= 
85H). Assuming that 
DCONO 
would be serving the receiver and DCONI the trans- 
mitter, DCONO would be loaded with XXIOIOXOB 
and DCONI would be loaded with IOXXIOXOB.The 
contents of SARHO and DARHI 
do not have any im- 
pact when using internal SFRs as the source or destina- 
tion. 


When using the DMA channels to service the GSC, the 
byte count registers will also need to be initialized. 


The Done flag for the DMA channel servicing the re- 
ceiver should be used if fixed packet lengths only are 
being transmitted or to insure that memory is not over- 
written by long received data packets. Overwriting of 
data can occur when using a smaller buffer than the 
packet size. In these cases the servicing of the DMA 
and/or 
GSC would be in response to the DMA Done 
flag when the byte count reaches zero. 


In some cases the buffer size is not the limiting factor 
and the packet lengths will be unknown. In these cases 
it would be desirable to eliminate the function of the 
Done flag. To effectively disable the Done flag for the 
PMA 
channel servicing the receiver, the byte count 
should be set to some number larger than any packet 


that will be received, up to 64K. If not using the Done 
flag, then GSC servicing would be driven by the receive 
Done (RDN) flag and/or interrupt. RDN is set when 
the EOF is detected. When using the RDN flag, RFNE 
should also be checked to insure that all the data has 
been empti~d out of the receive FIFO. 


The byte count register is used for all transmissions and 
this means that all packets going out will have to be of 
the same length or the length of the packet to be sent 
will have to be known prior to the start of transmission. 
When using the DMA channels to service the GSC 
transmitter, 
there is no practical way to disable the 
Done flag. This is because the transmit 
done flag 
(TDN) is set when the transmit FIFO is empty and the 
last message bit has been transmitted. But, when using 
the DMA channel to service the transmitter, loads to 
the TFIFO 
continue to occur until the byte count 
reaches O. This makc:.sit impossible to use TDN as a 
flag to stop the DMA transfers to TFIFO. It is possible 
to examine some other registers or conditions, such as 
the current byte count, to determine when to stop the 
DMA transfers to TFIFO, but this is not recommended 
as a way to service the DMA and GSC when transmit- 
ting because frequent reading of the DMA registers will 
cause the effective DMA transfer rate to slow down. 


When using the DMA channels, initialization of the 
GSC would be exactly the same as normal except that 
TSTAT.O = 1 (DMA), this informs the GSC that the 
DMA channels are going to be used to service the GSC. 
Although only TSTAT is written to, both the receiver 
and transmitter use this same DMA bit. 


The interrupts EGSTE (IENI.5), GSC transmit error; 
EGSTV 
(IEN1.3), 
GSC 
transmit 
valid; 
EGSRE 
(IENl.1), 
GSC receive error; and EGSRV (IENI.O), 


GSC receive valid; need to be enabled. TheDMA 
inter- 
rupts are normally not used when servicing the GSC 
with the DMA channels. To ensure that the DMA in- 
terrupts are not responded to is a function of the user 
software and should be checked by the software to 
make sure they are not enabled. Priority for these inter- 
rupts can also be set at this time. Whether to use high 
or low priority needs to be decided by the user. When 
responding to the GSC interrupts, if a buffer is being 
used to store the GSC information, then the DMA reg- 
isters used for the buffer will probably need updating. 


After this initialization, all that needs to be done when 
the GSC is actually going to be used is: load the byte 
count, set-up the source addresses for the DMA chan- 
nel servicing the transmitter, set-up the destination ad- 
dresses for the DMA channel servicing the receiver, 
and start the DMA transfer. The GSC enable bits 
should be set first and then the GO bits for the DMA. 
This initiates the data transfers. 


inter 


This simplifies the maintenance of the GSC and can 
make the implementation 
of an external buffer for 


packetized information automatic. 


An external buffer can be used as the source of data for 
transmission, or the destination of data from the receiv- 
er. In this arrangement, the message size is limited to 
the RAM size or 64K, whichever is smaller. By using 
an external buffer, the data can be accessed by other 
devices which may want access to the serial data. The 
amount of time required for the external data moves 
will also decrease. Under CPU control, a "MOYX" 
command would take 24 oscillator periods to complete. 
Under DMA control, external to internal, or internal to 
external, data moves take only 12 oscillator periods. 


The GSC baud rate is determined by the contents of the 
SFR, BAUD, or the external clock. The formula used 
to determine the baud rate when using the internal 
clock is: 


For example if a 12 MHz oscillator is used the baud 
rate can vary from: 


There are certain requirements that the external clock 
will need to meet. These requirements are specified in 
the data sheet. For a description of the use of the GSC 
with external clock please read Section 3.5.11. 


Initialization can be broken down into two major com- 
ponents, I) initialization of the component so that its 
serial port is capable of proper communication; and 2) 
initialization of the system or a station so that intelligi- 
ble communication can take place. 


Most of the initialization of the component has already 
been discussed in the previous sections. Those items not 
covered are the parameters required for the component 
to effectively communicate 
with other components. 
These types of issues are common to both system and 
component initialization and will be covered in the fol- 
lowing text. 


Initialization of the system can be broken down into 
several steps. First, are the assumptions of each net- 
work station. 


The first assumption is that the type of data encoding 
to be used is predetermined for the system and that 
each station will adhere to the same basic rules defining 
that encoding. The second assumption is that the basic 
protocol 
and 
line discipline 
is predetermined 
and 


known. This means that all stations are using CSMAI 
CD or SDLC or whatever, and that all stations are 
either full or half duplex. The third assumption is that 
the baud rate is preset for the whole system. Although 
the baud rate could probably be determined by the mi- 
croprocessor just by monitoring the link, it will make it 
much simpler if the baud rate is known in advance. 


One of the first things that will be required during sys- 
tem initialization is the assignment of unique addresses 
for each station. In a two-station only environment this 
is not necessary and can be ignored. However, keep in 
mind, that all systems should be constructed for easy 
future expansions. Therefore, even in only a two station 
system, addresses should be assigned. There are three 
basic ways in which addresses can be assigned. The 
fITSt,and most common is preassigned addresses that 
are loaded into the station by the user. This could be 
done with a DIP-switch, through a keyboard. The sec- 
ond method of assigning addresses is to randomly as- 
sign an address and then check for its uniqueness 
throughout 
the system, and the third method is to 


make an inquiry to the system for the assignment of a 
unique address. Once the method of address assignment 
is determined, the method should become part of the 
specifications for the system to which all additions will 
have to adhere. This, then, is the final assumption. 


The negotiation process may not be clear for some 
readers. The following two procedures are given as a 
guideline for dynamic address assignment. 


In the first procedure, a station assumes a random ad- 
dress and then checks for its uniqueness throughout the 


- system. As a station is initialized into the system it 
sends out a message containing its assumed address. 
The format of the message should be such that any 
station decoding the address recognizes it as a request 
for initialization. If that address is already used, the 
receiving station returns a message, with its own ad- 
dress stating that the address in question is already tak- 
en. The initializing station then picks another address. 
When the initializing station sends its inquiry for the 
address check, a timer is also started. If the timer ex- 
pires before the inquiry is responded to, then that sta- 
tion assumes the address chosen is okay. 


inter 


In the second procedure, an initializing station asks for 
an address assignment from the system. This requires 
that some station on the link take care of the task of 
maintaining a record of which addresses are used. This 
station will be called station-I. When the initializing 
station, called station-2, gets on the link, it sends out a 
message with a broadcast address. The format of the 
message should be such that all other stations on the 
link recognize it as a request for address assignment. 
Part of the message from station-2 is a random number 
generated by the station requesting the address. Sta- 
tion-2 then examines all received messages for this ran- 
dom number. The random number could be the address 
of the received message or could be within the informa- 
tion section of a broadcast frame. All the stations, ex- 
cept station-I, on the link should ignore the initializa- 
tion request. Station-I, upon receiving the initialization 
request, assigns an address and returns it to station-2. 
Station-I will be required to format the message in such 
a manner so that all stations on the link recognize it as 
a response to initialization. This means that all stations 
except station-2 ignore the return message. 


There are two test modes associated with the GSC that 
are made available to the user. The test modes are 
named 
Raw Receive and Raw Transmit. 
The test 
modes are selected by the proper setting of the two 
mode bits 
in GMOD 
(MO = 
GMOD.5, 
MI 
= 
GMOD.6). If MI,MO = 0,1 then Raw Transmit is se- 
lected. If MI,MO = 1,0 then Raw Receive is enabled. 


In Raw Transmit, the transmit output is internally con- 
nected to the Receiver input. This is intended to be 
used as a local loop-back test mode, so that all data 
written to the transmitter will be returned by the re- 
ceiver. Raw Transmit can also be used to transmit user 
data. If Raw Transmit is used in this way the data is 
emitted with no preamble, flag, address, CRC, and no 
bit insertion. The data is still encoded with whatever 
format is selected, Manchester with CSMA/CD, NRZI 
with SDLC or as NRZ if external clocks are used. The 
receiver still operates as normal and in this mode most 
of the receive functions can be tested. 


In Raw Receive, the transmitter should be externally 
connected to the receiver. To do this a port pin should 
be used to enable an external device to connect the two 
pins together. In Raw Receive mode the receiver acts as 
normal except that all bytes following the BOF are 
loaded into the receive FIFO, including the CRC. Also 
address recognition is not active but needs to be per- 
formed in software. If SDLC is selected as the protocol, 
zero-bit deletion is still enabled. The transmitter still 
operates as normal and in this mode most of the trans- 
mitter functions and an external transceiver can be test- 
ed. This is also the only way that the CRC can be read 
by the CPU, but the CRC error bit will not be set. 


A signal is provided from the CI52 to enable transmit- 
ter drivers for the serial link. This is provided for sys- 
tems that require more than what the GSC ports are 
capable of delivering. The voltage and currents that the 
GSC is capable of providing are the same levels as those 
for normal port operation. The signal used to enable the 
external drivers is DEN. No similar signal is needed for 
the receiver. 


Data jitter is the difference between the actual transmit- 
ted waveform and the exact calculated value(s). In 
NRZI, data jitter would be how much the actual wave- 
form exceeds or falls short of one calculated bit time. A 
bit time equals l/baud rate. If using Manchester encod- 
ing, there can be two transitions during one bit time as 
shown in Figure 3.11. This causes a second parameter 
to be considered when trying to figure out the complete 
data jitter amount. This other parameter is the half-bit 
jitter. The half-bit jitter is comprised of the difference in 
time that the half-bit transition actually occurs and the 
calculated value. Jitter is important because if the tran- 
sition occurs too soon it is considered noise, and if the 
transition occurs too late, then either the bit is missed 
or a collision is assumed. 
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The GSC is capable of three types of data encoding, 
Manchester, NRZI, and NRZ. Figure 3.12 shows ex- 
amples of all three types of data encoding. 


The receiver is always monitored at eight times the 
baud rate frequency, except when an external clock is 
used. When using an external clock the receiver is load- 
ed during the clock cycle. 


In CSMA/CO mode the receiver synchronizes to the 
transmitted data during the preamble. If a pulse is de- 
tected as being too short it is assumed to be noise or a 
collision. If a pulse is too long it is assumed to be a 
collision or an idle condition. 


In SOLC the synchronization takes place during the 
BOF flag. In addition, pulses less than four sample pe- 
riods are ignored, and assumed to be noise. This sets a 
lower limit on the pulse size of received zeros. 


In CSMA/CO the preamble consists of alternating Is 
and Os. Consequently, the preamble looks like the 
waveform in Figure 3.13A and 3.13B. 


To select external clocking, the user is given three 
choices. External clocking can be used with the trans- 
mitter, with the receiver, or with both. To select exter- 
nal clocking for the transmitter, XTCLK (GMOO.7) 


has to be set to a 1. To select external clocking for the 
receiver, XRCLK (PCON.3) has to be set to a 1. Set- 
ting both bits to I forces external clocking for the re- 
ceiver and transmitter. 


The external transmit clock is applied to pin 4 (TXC), 
P1.3. The external receive clock is appiied to pin 5 
(RXC), PIA. To enable the external clock function on 
the port pin, that pin has to be set to a I in the appro- 
priate SFR, PI. 


Whenever the external clock option is used, the format 
of the transmitted and received data is restricted to 
NRZ encoding and the protocol is restricted to SOLC. 
With external clock, the bit stuffing/stripping is still 
active with SOLC protocol. 


In normal operation the GSC uses full or half duplex 
operation. When using a 32-bit CRC (GMOO.3 = I), 
operation can only be half duplex. If using a 16-bit 
CRC (GMOO.3 = 0), full duplex is selected by de- 
fault. When using a 16-bit CRC the receiver can be 
turned off while transmitting (RSTAT.I = 0), and the 
transmitter 
can 
be 
turned 
off 
during 
reception 
(TSTAT.l = 0). This simulates half-duplex operation 
when using a 16-bit CRC. 


Normally, HOLC uses a 16-bit CRC, so half duplex is 
determined by turning off the receiver or transmitter. 
This is so that the receiver will not detect its own ad- 
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dress as transmission takes place. This also needs to be 
done when using CSMA/CD with a 16-bit CRC for the 
same reason. 


The data for transmission or reception can be handled 
by either the CPU (TSTAT.O = 0) or DMA controller 
(TSTAT.O = I). This allows the user two sets of flags 
to control the FIFO. Associated with these flags are 
interrupts, which may be enabled by the user software. 
Either one or both sets of flags may be used at the same 
time. 


In CPU control mode the flags (RFNE,TFNF) 
are gen- 
erated by the condition of the receive or transmit FI- 
FO's. After loading a byte into the transmit FIFO, 
there is a one machine cycle latency until the TFNF 
flag is updated. Because of this latency, the status of 
TFNF 
should not be checked immediately following 
the instruction to load the transmit FIFO. If using the 
interrupts 
to service the transmit FIFO,the 
one ma- 
chine cycle of latency must be considered if the TFNF 
flag is checked prior to leaving the subroutine. 


When using the CPU for control, transmission normal- 
ly is initiated by setting the TEN bit (TSTAT.I) and 
then writing to TFIFO. TEN must be set before load- 
ing the transmit FIFO, as setting TEN clears the trans- 
mit FIFO. TCDCNT should also be checked by user 
software and cleared if a collision occurred on a prior 
transmission. 


To enable the receiver, GREN (RSTAT.l) is set. After 
GREN is set, the GSC begins to look for a valid BOF. 
After detecting a valid BOF the GSC attempts 
to 
match the received address byte(s) against the address 
match registers. When a match occurs the frame is 
loaded into the GSC. Due to the CRC strip hardware, 
there is a 40 or 24 bit time delay following the BOF 
until the first data byte is loaded into RFIFO if the 32 
or 16 bit CRC is chosen. If the end offrame is detected 
before data is loaded into the receive FIFO, the receiver 
ignores that frame. 


If the receiver detects a collision during reception in 
CSMA/CD 
mode and if any bytes have been loaded 
into the receive FIFO, the RCABT flag is set. The GSC 
hardware then halts reception and resets GREN. The 
user software needs to filter any collision fragment data 
which may have been received. If the collision occurred 
prior to the data being loaded into RFIFO the CPU is 
not notified and the receiver is left enabled. At the end 
of a reception the RON bit is set and GREN is cleared. 
In HABEN mode this causes an acknowledgement to 
be transmitted if the frame did not have a broadcast or 


multi-cast address. The user software can enable the 
interrupt for RON to determine when a frame is com- 
pleted. 


In DMA mode the interrupts are generated by the in- 
ternal 
"transmit/receive 
done" 
(TDN,RDN) 
condi- 
tions. When the CPU responds to TDN 
or RDN, 


checks are performed to see if the transmit underrun 
error has occurred. The underrun 
condition is only 


checked when using the DMA channels. 


Upon power up the CPU mode is initialized. General 
DMA control is covered in Section 4.0. DMA control 
of the GSC is covered in Section 3.5.4. If DMA is to be 
used for serving the GSC, it must be configured into the 
serial channel demand mode and the DMA bit in 
TSTAT has to be set. 


The actions that are taken by the GSC if a collision 
occurs while transmitting depend on where the colli- 
sion occurs. If a collision occurs in CSMA/CD 
mode 
following the preamble and BOF flag, the TCDT flag is 
set and the transmit hardware completes a jam. When 
this type of collision occurs, there will be no automatic 
retry at transmission. After the jam, control is returned 
to the CPU and user software must then initiate what- 
ever actions are necessary for a proper recovery. The 
possibility that data might have been loaded into or 
from the GSC deserves special consideration. If these 
fragments of a message have been passed on to other 
devices, user software may have to perform some exten- 
sive error handling or notification. Before starting a 
new message, the transmit and receive FIFOs will need 
to be cleared. If DMA servicing is being used the point- 
ers must also be reinitialized. It should be noted that a 
collision should never occur after the BOF flag in a well 
designed system, since the system slot time will likely 
be less than the preamble length. The occurrence of 
such a situation is normally due to a station on the link 
that is not adhering to proper CSMA/CD 
protocol or 
is not using the same timings as the rest of the network. 


A collision occurring during the preamble or BOF flag 
is the normal type of collision that is expected. When 
this type of collision occurs the GSC automatically 
handles the retransmission attempts for as many as 
eight tries. If on the eighth attempt a collision occurs, 
the transmitter is disabled, although the jam and back- 
ofTare performed. If enabled, the CPU is then inter- 
rupted. The user software should then determine what 
action to take. The possibilities range from just report- 
ing the error and aborting transmission to reinitializing 
t~e serial channel registers and attempt retransmission. 


If less than eight attempts are desired TCDCNT can be 
loaded with some value which will reduce the number 
of collisions possible before TCDCNT overflows. The 
value loaded should consist of all Is as the least signifi- 
cant bits, e.g. 7, OFH, 3FH. A solid block of Is is sug- 
gested because TCDCNT is used as a mask when gen- 
erating 
the 
random 
slot number 
assignment. 
The 
TCDCNT register operates by shifting the contents one 
bit position to the left as each collision is detected. As 
each shift occurs a I is loaded into the LSB. When 
TCDCNT 
overflows, GSC operation 
stops and the 
CPU is notified by the setting of the TCDT bit which 
can flag an interrupt. 


The amount of time that the GSC has before it must be 
ready to retransmit after a collision is determined by 
the mode which is selected. The mode is determined 
MO (GMOD.5) and MI (GMOD.6). If MO and MI 
equal 0,0 (normal backofl) then the minimum period 
before retransmission 
will be either the interframe 
space or the backofTperiod, whichever is longer. If MO 
and MI equal 1,1 (alternate backofl) then the minimum 
period before retransmission 
will be the interframe 
space plus the backofTperiod. Both of these are shown 
in Figure 3.4. Alternate backofTmust be enabled if us- 
ing deterministic resolution. If the GSC is not ready to 
retransmit by the time its assigned slot becomes avail- 
able, the slot time is lost and the station must wait until 
the collision resolution time period has passed. 


Instead of waiting for the collision resolution to pass, 
the transmission could be aborted. The decision to 
abort is usually dependent on the number of stations on 
the link and how many collisions have already oc- 
curred. The number of collisions can be obtained by 
examining the register, TCDCNT. The abort is normal- 
ly implemented by clearing TEN. The new transmis- 
sion begins by setting TEN and loading TFIFO. The 
minimum amount of time available to initiate a retrans- 
mission would be one interframe space period after the 
line is sensed as being idle. 


As the number of stations approach 256 the probability 
of a successful transmission decreases rapidly. If there 
are more than 256 stations involved in the collision 
there would be no resolution since at least two of the 
stations will always have the same backofTinterval se- 


. lected. 


All the stations monitor the link as long as that station 
is active, even if not attempting to transmit. This is to 
ensure that each station always defers the minimum 
amount of time before attempting a transmission and so 
that addresses are recognized. However, the collision 
detect circuitry operates slightly difTerently. 


In normal back-ofTmode, a transmitting station always 
monitors the link while transmitting. If a collision is 
detected one or more of the transmitting stations apply 
the jam signal and all transmitting stations enter the 
back-ofT algorithm. The receiving stations also con- 
stantly monitor for a collision but do not take part in 
the resolution phase. This allows a station to try to 
transmit in the middle of a resolution period. This in 
turn mayor may not cause another collision. If the new 
station trying to transmit on the link does so during an 
unused slot time then there will probably not be a colli- 
sion. If trying to transmit during a used slot time, then 
there will probably be a collision. The actions the re- 
ceiver does take when detecting a collision is to just 
stop receiving data if data has not been loaded into 
RFIFO 
or to stop reception, clear receiver enable 
(REN) 
and set the receiver abort flag (RCABT 
- 
RSTAT.6). 


If deterministic resolution is used, the transmitting sta- 
tions go through pretty much the same process as in 
normal back-ofT, except that the slots are predeter- 
mined. All the receivers go through the back-ofTalgo- 
rithm and may only transmit during their assigned slot. 


3.6.4 SUCCESSFUL 
ENDING 
OF 
TRANSMISSIONS 
AND RECEPTIONS 


In both CSMA/CD and SDLC modes, the TDN bit is 
set and TEN cleared at the end of a successful trans- 
mission. The end of the transmission occurs when the 
TFIFO is empty and the last byte has been transmitted. 
In CSMA/CD the user should clear the TCDCNT reg- 
ister after successful transmission. 


At the end of a successful reception, the RDN bit is set 
and GREN 
is cleared. The end of reception occurs 
when the EOF flag is detected by the GSC hardware. 


3.7 
Register Descriptions 


ADRO,I,2,3 (95H, OA5H, OB5H, OC5H) - Address 
Match Registers 0,1,2,3 - Contains the address match 
values which determines which data will be accepted as 
valid. In 8 bit addressing mode, a match with any of the 
four registers will trigger acceptance. In 16 bit address- 
ing mode a match with ADRI:ADRO or ADR3:ADR2 
will be accepted. Addressing mode is determined in 
GMOD (AL). 


AMSKO,I (OD5H, OE5H) - Address Match Mask 0,1 - 
Identifies which bits in ADRO,I are "don't care" bits. 
Writing a one to a bit in AMSKO,I masks out that 
corresponding bit in ADDRO,1. 


BAUD (94H) - GSC Baud Rate Generator - Contains 
the value of the programmable baud rate. The data rate 
will equal (frequency of the oscillator)/«BAUD 
+ I) 
X (8». Writing to BAUD actually stores the value in a 
reload register. The reload register contents are copied 
into the BAUD register when the Baud register decre- 
ments to DOH. Reading BAUD yields the current timer 
value. A read during GSC operation will give a value 
that may not be current because the timer could decre- 
ment between the time it is read by the CPU and by the 
time the value is loaded into its destination. 


BKOFF (OC4H) - BackoffTimer - The backofftimer is 
an eight bit count-down timer with a clock period equal 
to one slot time. The backoff time is used in the 
CSMA/CD 
collision resolution algorithm. The user 
software may read the timer but the value may be inval- 
id as the timer is clocked asynchronously to the CPU. 
Writing to OC4H will have no effect. 
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Figure 3.14. GMOD 


GMOD.O (PR) - Protocol - If set, SDLC protocols with 
NRZI encoding and SDLC flags are used. If cleared, 
CSMA/CD 
link access with Manchester encoding is 
used. The user software is responsible for setting or 
clearing this flag. 


GMOD.I,2 (PLO,I) - Preamble length 
PLI PLO LENGTH (BITS) 
o 
0 
0 
o 
I 
8 
I 
0 
32 
I 
I 
64 


The length includes the two bit Begin Of Frame (BOF) 
flag in CSMA/CD but does not include the SDLC flag. 
In SDLC mode, the BOF is an SDLC flag, otherwise it 
is two consecutive ones. Zero length is not compatible 
in CSMA/CD 
mode. The user software is responsible 
for setting or clearing these bits. 


GMOD.3 (CT) - CRC Type - If set, 32 bit AUTO DIN- 
11-32 is used. If cleared, 16 bit CRC-CCITT 
is used. 
The user software is responsible for setting or clearing 
this flag. 


GMOD.4 (AL) - Address Length - If set, 16 bit ad- 
dressing is used. If cleared, 8 bit addressing is used. In 8 
bit mode a match with any of the 4 address registers 
will be accepted (ADRO, ADRI, 
ADR2, 
ADR3). 
"Don't Care" bits may be masked in ADRO and ADRI 
with AMSKO and AMSKI. In 16 bit mode, addresses 
are 
matched 
against 
"ADRI:ADRO" 
or 
"ADR3: 
ADR2". 
Again, "Don't 
Care" bits in ADRI:ADRO 
can be masked in AMSKI:AMSKO. A received address 
of all ones will always be recognized in any mode. The 
user software is responsible for setting or clearing this 
flag. 


GMOD.5,6 (MO,MI) - Mode Select - Two test modes, 
an optional "alternate backotr' mode, or normal back- 
off can be enabled with these two bits. The user soft- 
ware is responsible for setting or clearing the mode bits. 


MI 
MO 
Mode 
o 
0 
Normal 
o 
I 
Raw Transmit 
I 
0 
Raw Receive 
I 
I 
Alternate Backoff 


In raw receive mode, the receiver operates as normal 
except that all the bytes following the BOF are loaded 
into the receive FIFO, including the CRC. The trans- 
mitter operates as normal. 


In raw transmit mode the transmit output is internally 
connected to the receiver input. The internal connec- 
tion is not at the actual port pin, but inside the port 
latch. All data transmitted is done without a preamble, 
flag or zero bit insertion, and without appending a 
CRC. The receiver operates as normal. Zero bit dele- 
tion is performed. 


In alternate backoff mode the standard backoff process 
is modified so the the backoff is delayed until the end of 
the IFS. This should help to prevent collisions con- 
stantly happening because the IFS time is usually larger 
than the slot time. 


GMOD.7 (XTCLK) - External Transmit Clock - If set 
an external IX clock is used for the transmitter. 
If 
cleared the internal baud rate generator provides the 
transmit 
clock. The input clock is applied to P1.3 
(TXC). The user software is responsible for setting or 
clearing this flag. External receive clock is enabled by 
setting PCON.3. 


IFS (OA4H) - Interframe 
Spacing - Determines the 
number of bit times separating transmitted frames in 
CSMAlCD. 
A bit time is equal to l/baud 
rate. Only 
even interframe space periods can be used. The number 
written into this register is divided by two and loaded in 
the most significant seven bits. Complete interframe 
space is obtained by counting this seven bit number 
down to zero twice. A user software read of this register 
will give a value where the seven most significant bits 
gives the current count value and the least significant 
bit shows a one for the first count-down and a zero for 
the second count. The value read may not be valid as 
the timer is clocked in periods not necessarily associat- 
ed with the CPU read of IFS. Loading this register with 
zero results in 256 bit times. 


MYSLOT.O, I, 2, 3, 4, 5 - Slot Address - The six ad- 
dress bits choose I of 64 slot addresses. Address 63 has 
the highest priority and address I has the lowest. A 
value of zero will prevent a station from transmitting 
during the collision resolution period by waiting until 
all the possible slot times have elapsed. The user soft- 
ware normally initializes this address in the operating 
software. 


MYSLOT.6 (OCR) - Deterministic Collision Resolu- 
tion Algorithm - When set, the alternate collision reso- 
lution algorithm is selected. Retriggering of the IFS on 
reappearance of the carrier is also disabled. When using 
this feature Alternate BackotT Mode must be selected 
and several other registers must be initialized. User 
software must initialize TCDCNT with the maximum 
number of slots that are most appropriate for a particu- 
lar application. The PRBS register must be set to all 
ones. This disables the PRBS by freezing it's contents at 
OFFH. The backotT timer is used to count down the 
number of slots based on the slot timer value setting the 
period of one slot. The user software is responsible for 
setting or clearing this flag.' 


MYSLOT.7 (DCJ) - D.C. Jam - When set selects D.C. 
type jam, when clear, selects A.C. type jam. The user 
software is responsible for setting or clearing this flag. 


PCON contains bits for power control, LSC control, 
DMA control, and GSC control. The bits used for the 
GSC are PCON.2, PCON.3, and PCON.4. 


PCON.2 (GFIEN) 
- GSC Flag Idle Enable - Setting 
GFIEN to a 1 caused idle flags to be generated between 
transmitted 
frames in SDLC mode. SDLC idle flags 
consist 
of 
01111110 
flags 
creating 
the 
sequence 
01111110011111110 
011111110. A possible side 
etTectof enabling GFIEN is that the maximum possible 
latency from writing to TFIFO 
until the first bit is 
transmitted increased from approximately 2 bit-times 
to around 
8 bit-times. GFIEN 
has no etTect with 
CSMA/CD. 


PCON.3 (XRCLK) - GSC External Receive Clock En- 
able - Writing a 1 to XRCLK enables an external clock 
to be applied to pin 5 (Port 1.4). The external clock.is 
used to determine when bits are loaded into the receIv- 
er. 


PCON.4 (GAREN) - GSC Auxiliary Receiver Enable 
Bit - This bit needs to be set to a I to enable the recep- 
tion of back-to-back SDLC frames. A back-to-back 
SDLC frame is when the EOF and BOF is shared be- 
tween two sequential frames intended for the same sta- 
tion on the link. If GAREN contains a 0 then the re- 
ceiver will be disabled upon reception of the EOF and 
by the time user software re-enables the receiver the 
first bit(s) may have already passed, in the case of back- 
to-back frames. Setting GAREN 
to a I, prevents the 
receiver from being disabled by the EOF but GREN 
will be cleared and can be checked by user software to 
determine that an EOF has been received. GAREN has 
no etTectif the GSC is in CSMA/CD 
mode. 


PRBS (OE4H) - Pseudo-Random 
Binary Sequence - 
This register contains a pseudo-random number to be 
used in the CSMA/CD backotTalgorithm. The number 
is generated by using a feedback shift register clocked 
by the CPU phase clocks. Writing all ones to the PRBS 
will freeze the value at all ones. Writing any other value 
to it will restart the PRBS generator. The PRBS is ini- 
tialized to all zero's during RESET. A read of location 
OE4H will not necessarily give the seed used in the 
backotT algorithm 
because the PRBS counters 
are 
clocked by internal CPU phase clocks. This means the 
contents of the PRBS may have been altered between 
the time when the seed was generated and before a 
READ has been internally executed. 
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RFIFO (OF4H) - Receive FIFO - RFIFO is a 3 byte 
buffer that is loaded each time the GSC receiver has a 
byte of data. Associated with RFIFO is a pointer that is 
automatically updated with each read of the FIFO. A 
read of RFIFO fetches the oldest data in the FIFO. 


RSTAT.O (HABEN) - Hardware Based Acknowledge 
Enable - If set, enables the hardware based acknowl- 
edge feature. The user software is responsible for setting 
or clearing this flag. 


RSTAT.I (GREN) - Receiver Enable - When set, the 
receiver is enabled to accept incoming frames. This also 
clears RDN, 
CRCE, AE, RCABT, and the receive 
FIFO. It is cleared by the receiver at the end of a recep- 
tion or if any errors occurred. The user software is re- 
sponsible for setting this flag and the GSC or user soft- 
ware can clear it. The status of GREN has no effect on 
whether the receiver detects a collision in CSMAlCD 
mode as the receiver input circuitry always monitors 
the receive pin. 


RSTAT.2 (RFNE) - Receive FIFO Not Empty - If set, 
indicates that the receive FIFO contains data. The re- 
ceive FIFO is a three byte buffer into which the receive 
data is loaded. A CPU read of the FIFO retrieves the 
oldest data and automatically updates the FIFO point- 
ers. Setting GREN to a one will clear the receive FIFO. 
The status of this flag is controlled by the GSC. It is 
cleared if user empties receive FIFO. 


RSTAT.3 (RDN) - Receive Done - If set, indicates the 
successful completion of a receiver operation. Will not 
be set if a CRC, alignment, abort, or FIFO overrun 
error occurred. The status of this flag is controlled by 
the GSC. 


RSTAT.4 (CRCE) - CRC Error - If set, indicates that a 
properly aligned frame was received with a mismatched 
CRe. The status of this flag is controlled by the GSC. 


RSTAT.5 (AE) - Alignment Error - If set, indicates 
that the line went idle when the receiver shift register 
was not full and the resulting CRC was bad in the 
CSMA/CD mode. If a correct CRC was valid then AE 
is not set. In SDLC mode, AE indicates that a non- 
byte-aligned flag was received. The status of this flag is 
controlled by the GSC. 


RSTAT.6 (RCABT) - Receiver Collision/Abort Detect 
- If set, indicates that a collision was detected after data 


had been loaded into the receive FIFO in CSMA/CD 
mode. In SDLC mode, RCABT indicates that 7 consec- 
utive ones were detected prior to the end flag but after 
data has been loaded into the receive FIFO. The status 
of this flag is controlled by the GSC. 


RSTAT.7 (OYR) - Overrun - If set, indicates that the 
receive FIFO was full and new shift register data was 
written into it. The setting of this flag is controlled by 
the GSC and it is cleared by user software. 


SLOTTM (OBH) - Slot Time - Determines the length of 
the slot time used in CSMAlCD. 
A slot time equals 
(256 - 
SLOTTM) 
X (I / 
baud rate). A read of 
SLOTTM will give the value of the slot time timer but 
the value may be invalid as the timer is clocked asyn- 
chronously to the CPU. Loading SLOTTM with 0 re- 
sults in 256 bit times. 


TCDCNT (OD4H) - Transmit Collision Detect Count - 
Contains the number of collisions that have occurred if 
probabilistic CSMAlCD 
is used. The user software 
must clear this register before transmitting a new frame 
so that the GSC backoff hardware can accurately dis- 
tinguish a new frame from a retransmit attempt. 


In deterministic backoff mode, TCDCNT 
is used to 
hold the maximum number of slots. 


TFIFO (85H) - GSC Transmit FIFO - TFIFO is a 3 
byte buffer with an associated pointer that is automati- 
cally updated for each write by user software. Writing a 
byte to TFIFO loads the data into the next available 
location in the transmit FIFO. Setting TEN clears the 
transmit FIFO so the transmit FIFO should not be 
written to prior to setting TEN. If TEN is already set 
transmission begins as soon as data is written to TFI- 
FO. 


TSTAT.O (DMA) - DMA Select - If set, indicates that 
DMA channels are used to service the GSC FIFO's and 
GSC interrupts occur on TDN and RDN, and also en- 
ables UR to become set. If cleared, indicates that the 
GSC is operating in its normal mode and interrupts 
occur on TFNF and RFNE. For more information on 
DMA servicing please refer to the DMA section on 
DMA serial demand mode (4.2.2.3). The user software 
is responsible for setting or clearing this flag. 


inter 


TSTAT.l (TEN) - Transmit Enable - When set causes 
TDN, UR, TCDT, and NOACK flag to be reset and 
the TFIFO cleared. The transmitter will clear TEN af- 
ter a successful transmission, 
a collision during the 
data, CRC, or end flag. The user software is responsible 
for setting but the GSC or user software may clear this 
flag. If cleared during a transmission the GSC transmit 
pin goes to a steady state high level. This is the method 
used to send an abort character in SDLC. Also DEN is 
forced to a high level. The end of transmission occurs 
whenever the TFIFO is emptied. 


TSTAT.2 (TFNF) - Transmit FIFO not full - When 
set, indicates that new data may be written into the 
transmit FIFO. The transmit FIFO is a three byte buff- 
er that loads the transmit shift register with data. The 
status of this flag is controlled by the GSc. 


TSTAT.3 (TDN) - Transmit Done - When set, indi- 
cates the successful completion of a frame transmission. 
If HABEN is set, TDN will not be set until the end of 
the IFS following the transmitted message, so that the 
acknowledge can be checked. If an acknowledge is ex- 
pected and not received, TDN is not set. An acknowl- 
edge is not expected following a broadcast or multi-cast 
packet. The status of this flag is controlled by the GSC. 


TSTAT.4 (TCDT) - Transmit Collision Detect - If set, 
indicates that the transmitter halted due to a collision. 
It is set if a collision occurs during the data or CRC or 
if there are more than eight collisions. The status of this 
flag is controlled by the GSC. 


TSTAT.5 (UR) - Underrun - If set, indicates that in 
DMA mode the last bit was shifted out of the transmit 
register and that the DMA byte count did not equal 
zero. When an underrun occurs, the transmitter halts 
without sending the CRC or the end flag. The status of 
this flag is controlled by the GSC. 


TSTAT.6 (NOACK) - No Acknowledge - If set, indi- 
cates that no acknowledge was received for the previous 
frame. Will be set only if HABEN is set and no ac- 
knowledge is received prior to the end of the IFS. 
NOACK is not set following a broadcast or a multi- 
cast packet. The status of this flag is controlled by the 
GSC. 


TSTAT.7 (LNI) - Line Idle - If set, indicates the re- 
ceive line is idle. In SDLC protocol it is set if 15consec- 
utive ones are received. In CSMA/CD 
protocol, line 
idle is set if no transitions occur on GR XD for approx- 
imately 1.6 bit times after a required transition. LNI is 
cleared after a transition on GR XD. The status of this 
flag is controlled by the GSC. 


3.8 Serial Backplane vs. Network 
Environment 


The Cl52 GSC port is intended to fulfill the needs of 
both serial backplane environment and the serial com- 
munication network environment. The serial backplane 
is where typically, only processor to processor commu- 
nications take place within a self contained box. The 
communication usually only encompasses those items 
which are necessary to accomplish the dedicated task 
for the box. In these types of applications there may not 
be a need for line drivers as the distance between the 
transmitter 
and receiver is relatively short. The net- 
work environment; however, usually requires transmis- 
sion of data over large distances and requires drivers 
and/or repeaters to ensure the data is received on both 
ends. 


The Cl52 contains DMA (Direct Memory Accessing) 
logic to perform high speed data transfers between any 
two of 


Internal Data RAM 
Internal SFRs 
External Data RAM 


If external RAM is involved, the Port 2 and Port 0 ~ 
are used as the address/data 
bus, and RD and WR 
signals are generated as required. 


Hardware is also implemented to generate a Hold Re- 
quest signal and await a Hold Acknowledge response 
before commencing 
a DMA 
that 
involves external 
RAM. 


Alternatively, the Hold/Hold 
Acknowledge hardware 
can be programmed to accept a Hold Request signal 
from an external device and generate a Hold Acknowl- 
edge signal in response, to indicate to the requesting 
device that the Cl52 will not commence a DMA to or 
from external RAM while the Hold Request is active. 


The Cl52 contains two identical general purpose 8-bit 
DMA channels with l6-bit addressability: DMAO and 
DMAI. DMA transfers can be executed by either chan- 
nel independent of the other, but only by one channel at 
a time. During the time that a DMA transfer is being 
executed, program execution is suspended. A DMA 
transfer 
takes 
one 
machine 
cycle 
(12 
oscillator 
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Figure 4.1. DMA Registers 


periods) per byte transferred, except when the destina- 
tion and source are both in External Data RAM. In 
that case the transfer takes two machine cycles per 
byte. The term DMA Cycle will be used to mean the 
transfer of a single data byte, whether it takes I or 2 
machine cycles. 


Associated with each channel are seven SFRs, shown in 
Figure 4.1. SARLn and SARHn holds the low and high 
bytes of the source address. Taken together they form a 
16-bit Source Address Register. DARLn and DARHn 
hold the low and high bytes of the destination address, 
and together form the Destination Address Register. 
BCRLn and BCRHn hold the low and high bytes of the 
number of bytes to be transferred, and together form 
the Byte Count Register. DCONn contains control and 
flag bits. 


Two bits in DCONn are used to specify the physical 
destination of the data transfer. These bits are DAS 
(Destination Address Space) and IDA (Increment Des- 
tination Address). If DAS = 0, the destination is in 
data memory external to the C152. If DAS = I, the 
destination is internal to the C152. If DAS = I and 
IDA = 0, the internal destination is a Special Function 
Register (SFR). If DAS = I and IDA = I, the inter- 
nal destination is in the 256-byte data RAM. 


In any case, if IDA 
= I, the destination address is 
automatically incremented after each byte transfer. If 
IDA = 0, it is not. 


Two other bits in DCONn specify the physical source 
of the data to be transferred. These are SAS (Source 
Address Space) and ISA (Increment Source Address). 
If SAS = 0, the source is in data memory external to 
the C152. If SAS = I, the source is internal. If SAS = 
I and ISA = 0, the internal source is an SFR. If SAS 
= I and ISA = I, the internal source is in the 256-byte 
data RAM. 


In any case, if ISA = I, the source address is automati- 
cally incremented after each byte transfer. If ISA = 0, 
it is not. 


The functions of these four control bits are summarized 
below: 


DAS 
IDA 
Destination 
Auto-Increment 


0 
0 
External 
RAM 
no 
0 
1 
External 
RAM 
yes 
1 
0 
SFR 
no 
1 
1 
Internal RAM 
yes 


SAS 
ISA 
Source 
Auto-Increment 


0 
0 
External 
RAM 
no 
0 
1 
External 
RAM 
yes 
1 
0 
SFR 
no 
1 
1 
Internal 
RAM 
yes 


There are four modes in which the DMA channel can 
operate. These are selected by the bits DM and TM 
(Demand Mode and Transfer Mode) in DCONn: 


OM 
TM 
Operating 
Mode 


0 
0 
Alternate Cycles Mode 
0 
1 
Burst Mode 
1 
0 
Serial Port Demand Mode 
1 
1 
External Demand Mode 


In Alternate Cycles Mode the DMA is initiated by set- 
ting the GO bit in DCONn. Following the instruction 
that set the GO bit, one more instruction is executed, 
and then the first data byte is transferred from the 
source address to the destination address. Then another 
instruction is executed, and then another byte of data is 
transferred, and so on in this manner. 


Each time a data byte is transferred, 
BCRn (Byte 
Count Register for DMA Channel n) is decremented. 
When it reaches OOOOH,on-chip hardware clears the 
GO bit and sets the DONE bit, and the DMA ceases. 
The DONE bit flags an interrupt. 


Burst Mode differs from Alternate Cycles mode only in 
that once the data transfer has begun, program execu- 
tion is entirely suspended until BCRn reaches OOOOH, 
indicating that all data bytes that were to be transferred 
have been transferred. The interrupt control hardware 
remains active during the DMA, so interrupt flags may 
get set, but since program execution is suspended, the 
interrupts will not be serviced while the DMA is in 
progress. 


In this mode the DMA can be used to service the Local 
Serial Channel (LSC) or the Global Serial Channel 
(GSC). 


In Serial Port Demand Mode the DMA is initiated by 
any of the following conditions, if the GO bit is set: 
Source Address = SBUF 
.AND. 
RI = 1 
Destination Address = SBUF 
.AND. TI = 1 
Source Address = RFIFO 
.AND. 
RFNE = 1 
Destination Address = TFIFO 
.AND. TFNF = 1 


Each time one of the above conditions is met, one 
DMA Cycle is executed; that is, one data byte is trans- 
ferred from the source address to the destination ad- 


dress. On-chip hardware then clears the flag (RI, TI, 
RFNE, or TFNF) that initiated the DMA, and decre- 
ments BCRn. Note that since the flag that initiated the 
DMA is cleared, it will not generate an interrupt unless 
DMA servicing is held off or the byte count equals o. 
DMA servicing may be held off when alternate cycle is 
being used or by the status of the HOLD/HLDA 
logic. 


In these situations the interrupt for the LSC may occur 
before the DMA can clear the RI or TI flag. This is 
because the LSC is serviced according to the status of 
RI and TI, whether or not the DMA channels are being 
used for the transferring of data. The GSC does not use 
RFNE or TFNF flags when using the DMA channels 
so these do not need to be disabled. When using the 
DMA channels to service the LSC it is recommended 
that the interrupts (RI and TI) be disabled. If the dec- 
remen,ted BCRn is OOOOH,on-chip 
hardware 
then 
clears the GO bit and sets the DONE bit. The DONE 
bit flags an interrupt. 


In External Demand Mode the DMA is initiated by 
one of the External Interrupt pins, provided the GO bit 
is set. INTO initiates a Channel 0 DMA, and INTI 
initiates a Channel I DMA. 


If the external interrupt is configured to be transition- 
activated, then each I-to-O transition at the interrupt 
pin sets the corresponding external interrupt flag, and 
generates one DMA Cycle. Then, BCRn is decrement- 
ed. No more DMA Cycles take place until another 
I-to-O transition is seen at the external interrupt pin. If 
the decremented BCRn = OOOOH,on-chip hardware 
clears the GO bit and sets the DONE bit. If the exter- 
nal interrupt is enabled, it will be serviced. 


If the external interrupt is configured to be level-acti- 
vated, then DMA Cycles commence when the interrupt 
pin is pulled low, and continue for as long as the pin is 
held low and BCRn is not OOOOH.If BCRn reaches 0 
while the interrupt pin is still low, the GO bit is cleared, 
the DONE bit is set, and the DMA ceases. If the exter- 
nal interrupt is enabled, it will be serviced. 


If the interrupt pin is pulled up before BCRn reaches 
OOOOH,then the DMA ceases, but the GO bit is still I 
and the DONE bit is still O.An external interrupt is not 
generated in this case, since in level-activated mode, 
pulling the pin to a logical I clears the interrupt flag. If 
the interrupt pin is then pulled low again, DMA trans- 
fers will continue from where they were previously 
stopped. 


The timing for the DMA Cycle in the transition-acti- 
vated mode, or for the first DMA Cycle in the level-ac- 
tivated mode is as follows: If the I-to-O transition is 


inter 


detected before the fmal machine cycle of the instruc- 
tion in progress, then the DMA commences as soon as 
the instruction in progress is completed. Otherwise, one 
more instruction 
will be executed before the DMA 


starts. No instruction is executed during any DMA Cy- 
cle. 


Timing diagrams for single-byte DMA transfers are 
shown in Figures 4.2 through 4.5 for four kinds of 
DMA Cycles: internal memory to internal memory, in- 
ternal memory to external memory, external memory 
to internal memory, and external memory to external 
memory. In each case we assume the C152 is executing 
out of external program memory. If the C152 is execut- 
ing out of internal program memory, then PSEN is in- 
active, and the Port 0 and Port 2 pins emit PO and P2 
SFR data. If External Data Memory is involved, the 
Port 0 and Port 2 pins are used as the address/data bus, 


and RD and/or WR signals are generated as needed, in 
the same manner as in the execution of a MOVX 
@DPTR instruction. 


Two operating modes of HoldlHold Acknowledge log- 
ic are available, and either or neither may be invoked 
by software. In one mode, the C152 generates a Hold 
Request signal and awaits a Hold Acknowledge re- 
sponse before commencing a DMA that involves exter- 
nal RAM. This is called the Requester Mode. 


In the other mode, the CI52 accepts a Hold Request 
signal from an external device and generates a Hold 
Acknowledge signal in response, to indicate to the re- 
questing device that the C152 will not commence a 
DMA to or from external RAM while the Hold Re- 
quest is active. This is called the Arbiter mode. 
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The Requester Mode is selected by setting the control 
bit REQ, which resides in PCON. In that mode, when 
the Cl52 wants to do a DMA to External Data Memo- 
ry, it first generates a Hold Request signal, HLD, and 
waits for a Hold Acknowledge signal, HLDA, before 
commencing the DMA operation. Note that program 
execution continues while HLDA is awaited. The 
DMA is not begun until a logical 0 is detected at the 
HLDA pin. Then, once the DMA has begun, it goes to 
completion regardless of the logic level at HLDA. 


The protocol is activated only for DMAs (not for pro- 
gram fetches or MOVX operations), and only for 
DMAs to or from External Data Memory. If the data 
destination and source are both internal to the C152, 
the HLDIHLDA protocol is not used. 


The HLD output is an alternate function of port pin 
P1.5, and the HLDA input is an alternate function of 
port pin P1.6. 


For DMAs that are to be driven by some device other 
than the Cl52, a different version of the HoldlHold 
Acknowledge protocol is available. In this version, the 
device which is to drive the DMA sends a Hold Re- 
quest signal, HLD, to the C152. If the CI52 is current- 
ly performing a DMA to or from External Data Memo- 
ry, it will complete this DMA before responding to the 
Hold Request. When the Cl52 responds to the Hold 
Request, it does so by activating a Hold Acknowledge 
signal, HLDA. This indicates that the CI52 will not 
commence a new DMA to or from External Data 
Memory while HLD remains active. 


Note that in the Arbiter Mode the CI52 does not sus- 
pend program execution at all, even if it is executing 
from external program memory. It does not surrender 
use of its own bus. 


The Hold Request input, HLD, is at PI.5. The Hold 
Acknowledge 
output, 
HLDA, 
is 
at 
P1.6. 
This 


version of the Hold/Hold 
Acknowledge feature is se- 
lected by setting the control bit ARB in PCON. 


The functions of the ARB and REQ bits in PCON, 
then, are 


ARB 
REQ 
Hold/Hold 
Acknowledge 
Logic 


0 
0 
Disabled 
0 
1 
C152 generates 
HLD, detects 
HLDA 
1 
0 
C152 detects 
HLD, generates 
HLDA 
1 
1 
Invalid 


4.3.3 USING 
THE HOLD/HOLD 
ACKNOWLEDGE 


The HOLD/HOLDA 
logic only affects DMA opera- 
tion with external RAM and doesn't affect other opera- 
tions with external RAM, such as MOVX instruction. 


Figure 4.6 shows a system in which two 83Cl52s are 
sharing a global RAM. In this system, both CPUs are 
executing from internal ROM. Neither CPU uses the 
bus except to access the shared RAM, and such access- 


es are done only through 
DMA operations, not by 


MOVX instructions. 


One CPU is programmed to be the Arbiter and the 
other, to be the Requester. The ALE Switch selects 
which CPU's ALE signal will be directed to the address 
latch. The Arbiter's ALE is selected if HLDA is high, 
and the Requester's ALE is selected if HLDA is low. 


ALE (ARB) 
IF il[ljJ. = 1 


ALE (REQ) 
IF ROlA =0 


The ALE Switch logic can be implemented by a single 
74HCOO,as shown in Figure 4.7. 
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The internal logic of the arbiter is shown in Figure 4.8. 
In operation an input low at HLD sets Q2 if the arbi- 
ter's internal signal DMXRQ is low. DMXRQ is the 
arbiter's "DMA to XRAM Request". Setting Q2 acti- 
vates HLDA through Q3. Q2 being set also disables 
any DMAs to XRAM that the arbiter might decide to 
do during the requester's DMA. 


Figure 4.9 shows the minimum response time, 4 to 7 
CPU oscillator periods, between a transition at the 
HLD input and the response at HLDA. 


HLD Input 
(PI.S) 


When the arbiter wants to DMA the XRAM, it first 
activates DMXRQ. This signal prevents Q2 from being 
set if it is not already set. An output low from Q2 en- 
ables the arbiter to carry out its DMA to XRAM, and 
maintains an output high at HLDA. When the arbiter 
completes its DMA, the signal DMXRQ goes to 0, 
which enablesQ2 to accept signalsfrom the HLD input 
again. 
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Figure 4.10. Internal Logic of the Requester 
(Clock 1 and Clock 2 are Shown in Figure 4.9) 
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The internal logic of the requester is shown in Figure 
4.10. Initially, the requester's internal signal DMXRQ 
(DMA to XRAM Request) is at 0, so Q2 is set and the 
HLD output is high. As long as Q2 stays set, the re- 
quester is inhibited from starting any DMA to XRAM. 


When the requester wants to DMA the XRAM, it first 
activates DMXRQ. This signal enables Q2 to be cleared 
(but doesn't clear it), and, if HLDA is high, also acti- 
vates the HLD output. 


A I-to-O transition from HLDA can now clear Q2, 
which will enable the requester to commence its DMA 
to XRAM. Q2 being low also maintains an output low 
at HLD. When the DMA is completed, DMXRQ goes 
to 0, which sets Q2 and de-activates HLD. 


Only DMXRQ going to °can set Q2. That means once 
Q2 gets cleared, enabling the requester's DMA to pro- 
ceed, the arbiter has no way to stop the requester's 
DMA in progress. At this point, de-activating HLDA 
will have no effect on the requester's use of the bus. 
Only the requester itself can stop the DMA in progress, 
and when it does, it de-activates both DMXRQ and 
HLD. 


If the DMA is in alternate cycles mode, then each time 
a DMA cycle is completed DMXRQ goes to 0, thus de- 
activating HLD. Once HLD has been de-activated, it 
can't be re-asserted till after HLDA has been seen to go 
high (through 
flip-flop QIA). 
Thus every time the 


DMA is suspended to allow an instruction cycle to pro- 
ceed, the requester gives up the bus and must renew 


the request and receive another acknowledge before an- 
other DMA cycle to XRAM can proceed. Obviously in 
this case, the "alternate cycles" mode may consist of 
single DMA cycles separated by any number ofinstruc- 
tion cycles, depending on how long it takes the request- 
er to regain the bus. 


A channel 1 DMA in progress will always be overrid- 
den by a DMA request of any kind from channel 0. If a 
channel I DMA to XRAM is in progress and is over- 
ridden by a channel °DMA which does not require the 
bus, DMXRQ will~ 
° during the channel ° DMA, 


thus de-activating HLD. Again, the requester must re- 
new its request for the bus, and must receive a new 1- 
to-Otransition in HLDA before channell 
can continue 


its DMA to XRAM. 


The DMA Arbitration described in this section is not 
arbitration 
between two devices wanting to access a 


shared RAM, but on-chip arbitration between the two 
DMA channels on the 8XC152. 


The 8XCI52 provides two DMA channels, either of 
which may be called into operation at any time in re- 
sponse to real time conditions in the application circuit. 
Since a DMA cycle always uses the 8XC152's internal 
bus, and there's only one internal bus, only one DMA 
channel can be serviced during a single DMA cycle. 
Executing program instructions also requires the inter- 
nal bus, so program execution will also be suspended in 
order for a DMA to take place. 


inter 


Figure 4.11 shows the three tasks to which the internal 
bus of the 8XCl52 can be dedicated. In this figure, 
Instruction Cycle means the complete execution of a 
single instruction, whether it takes 1, 2 or 4 machine 
cycles. DMA Cycle means the transfer of a single data 
byte from source to destination, whether it takes 1 or 2 
machine cycles. Each time a DMA Cycle or an Instruc- 
tion Cycle is executed, on-chip arbitration logic deter- 
mines which type of cycle is to be executed next. 


Note that when an instruction is executed, if the in- 
struction wrote to a DMA register (defined in Figure 
4.1 but excluding PCON), then another instruction is 
executed without further arbitration. Therefore, a sin- 
gle write or a series of writes to DMA registers will 
prevent a DMA from taking place, and will continue to 
prevent a DMA from taking place until at least one 
instruction 
is executed which does not write to any 
DMA register. 


The logic that determines whether the next cycle will be 
a DMAO cycle, a DMAI cycle, or an Instruction Cycle 
is shown in Figure 4.12 as a pseudo-HLL function. The 
statements in Figure 4.12 are executed sequentially un- 
less an "if' condition is satisfied, in which case the cor- 
responding "return" 
is executed and the remainder of 
the function is not. The return value of 0, I, or 2 is 
passed to the arbitration logic block in Figure 4.11 to 
determine which exit path from the block is used. 


The return value is based on the condition of the GO 
bit for each channel, and on the value returned by an- 
other function, named mode_logic 
(). The algorithm 
for mode_logic 
( ) is the same for both channels. The 
function is shown in Figure 4.13 as a pseudo-HLL 
function, mode_logic 
(n), where n = 0 when the func- 
tion is invoked for DMA channel 0, and n = I when 
it's invoked for DMA channel I. The value returned by 
this function is either 0 or 1, and will be passed on to 
the DMA arbitration logic in Figure 4.12. 


Note that the arbitration logic as shown in Figure 4.12 
always gives precedence to channel 0 over channel I. If 
GOO is set and mode~ogic 
(0) returns a I, then a 
DMAO cycle is called without further reference to the 
situation in channel I. That is not to say a DMAI Cy- 
cle will be interrupted once it has begun. Once a cycle 
has begun, be it an Instruction Cycle or a DMA Cycle, 
it will be completed without interruption. 


The statements in mode_logic 
(n), Figure 4.13, are ex- 
ecuted sequentially until an "if' condition, based on the 
DMA mode programmed 
into DCONn, 
is satisfied. 


For example, if the channel is configured to Burst 
mode, then the first if-condition is satisfied, so the "re- 
turn 1" expression is executed and the remainder of the 
function is not. 


if (GOO 


if 
(GOl 


1 
.AND. 
mode_logic(O) 


1 
.AND. 
mode_logic(l) 


inter 


mode_logic{n) : 


if (DCONn indicates burst_mode) 
return 1; 


if (DCONn indicates 
extern_demand_mode) 


if (demand_flag = 1) return 1; 


else return 0; 


if (DCONn indicates 
SP_demand_mode) 


if (SARn = SBUF .AND. RI = 1) return 1 ; 


if (DARn = SBUF .AND. TI = 1) return 1 ; 


if (SARn = RFIFO 
.AND. RFNE = 1) return 1 ; 


if (DARn = TFIFO 
.AND. TFNF = 1 .AND. 


previous_cycle = instruction_cycle) 
return 1; 


else return 0; 


if (DCONn indicates alt_cycles_mode) 


if (DCONm indicates 
.NOT. alt_cycles_mode 


.OR. GOm = 0) 


if (previous_cycle = instruction_cycle) 


return 1; 


else return 0; 


if (previous_cycle = instruction_cycle 


.AND. previous_dma_cycle 
= .NOT. DMAn) 


return 1; 


return 0; 


end mode_logic{n) ; 


If the channel is configured to External Demand mode, 
then the first if-condition is not satisfied but the second 
one is. In that case the block of statements following 
that if-condition and delimited by {...) is executed: if 
the demand flag (IEO for channel 0 and IEI for chan- 
nel I) is set, the "return I" expression is executed and 
the remainder of the function is not. If the demand flag 
is not set, the "return 0" expression is executed and the 
remainder of the function is not. 


If the channel is configured to Serial Port Demand 
mode, the source and destination addresses, SARn and 
DARn, have to be checked to see which Serial Port 
buffer is-being addressed, and whether its demand flag 
is set. 
. 


SARn refers to the 16-bit source address for "this chan- 
ne1." Note that the condition 


cannot be true unless the SAS and ISA bits in DCONn 
are configured to select SFR space. If SARn is numeri- 
cally equal to the address of SBUF (99H), and SAS and 
ISA are configured to select internal RAM rather than 
SFR space, then SARn refers to location 99H in the 
"upper 128" of internal RAM, not to SBUF. 


If the test for SARn = SBUF is true, and if the flag RI 
is set, mode_logic 
(n) returns as I and the remainder 
of the function is not executed. Otherwise, execution 
proceeds to the next if-condition, testing DARn against 
SBUF and Tl against I. 


The same considerations regarding SAS and ISA in the 
SARn test are now applied to DAS and IDA in the 
DARn test. If SFR space isn't selected, no Serial Port 
buffer is being addressed. 


Note that if DMA channel n is configured to Alternate 
Cycles mode, the logic must examine the other DCON 
register, DCONm, to determine if the other channel is 
also configured to Alternate Cycles mode and whether 
its GO bit is set. In Figure 4.13, the symbol DCONn 
refers to the DCON register for "this channel," and 
DCONm refers to "the other channe1." 


A careful examination of the logic in Figure 4.13 will 
reveal some idiosyncracies that the user should be 
aware of. First, the logic allows sequential DMA cycles 
to be generated to service RFIFO, but not to service 
TFIFO. 
This idiosyncracy is due to internal timing 
conflicts, and results in each individual DMA cycle to 
TFIFO having to be immediately preceded by an In- 
struction cycle. The logic disallows that there be two 
DMAs to TFIFO in a row. 


If the user is unaware of this idiosyncracy, it can cause 
problems in situations where one DMA channel is serv- 
icing TFIFO and the other is configured to a complete- 
ly different mode of operation. 


For example, consider the situation where channel 0 is 
configured to service TFIFO and channel I is config- 
ured to Alternate Cycles mode. Then DMAs to TFIFO 
will always override the alternate cycles of channel I. If 
TFIFO needs more than I byte it will receive them in 
precendence over channel I, but each DMA to TFIFO 
must be preceded by an Instruction cycle. The sequence 
of cycles might be: 


DMAI cycle 
Instruction cycle 
DMAI cycle, during which TFNF gets set 
Instruction cycle 
DMAO cycle 
Instruction cycle 
DMAO cycle, as a result of which TFNF gets cleared 
Instruction cycle 
DMAI cycle 
Instruction cycle 
DMAI cycle 
Instruction cycle 


The requirement that a DMA to TFIFO be preceded 
by an Instruction cycle can result in the normal prece- 
dence of channel 0 over channel I being thwarted. Con- 
sider for example the situation where channel 0 is con- 
figured to service TFIFO, and is in the process of doing 
so, and channel I decides it wants to do a Burst mode 
DMA. The sequence of events might be: 


Instruction cycle (sets GO bit in DCONI) 
Instruction cycle (during which TFNF gets set) 
DMAO cycle 
DMAI cycle 
DMAI cycle 
DMAI cycle 


DMAI cycle (completes channel I burst) 
Instruction cycle 
DMAO cycle 
Instruction cycle 


This sequence begins with two Instruction cycles. The 
first one accesses a DMA register (DCONI), and there- 
fore is followed by another Instruction 
cycle, which 
presumably does not access a DMA register. After the 
second Instruction 
cycle both channels are ready to 
generate DMA cycles, and channel 0 of course takes 
precedence. After the DMAO cycle, channel 0 must 
wait for an Instruction 
cycle before it can access 
TFIFO again. Channell, 
being in Burst mode, doesn't 
have that restriction, and is therefore granted a DMAI 
cycle. After the first DMA I cycle, channel 0 is still 
waiting for an Instruction cycle and channell 
still does 
not have that restriction. There follows another DMAI 
cycle. 


The result is that in this particular case channel 0 has 
to wait until channel I completes its Burst mode DMA, 
and then has to wait for an Instruction cycle to be gen- 
erated, before it can continue its own DMA to TFIFO. 
The delay in servicing TFIFO can cause an Underflow 
condition in the GSC transmission. 


The delay will not occur if channel 1 is configured to 
Alternate Cycles mode, since channel 0 would then see 
the Instruction cycles it needs to complete its logic re- 
quirements for asserting its request. 


The HoldlHold Acknowledge feature is invoked by set- 
ting either the ARB or REQ bit in PCON. Their effect 
is to add the requirements of the HoldlHold 
Ack pro- 
tocol to mode_logic 
(). This amounts to replacing ev- 
ery expression "return 
I" in Figure 4.13 with the ex- 
pression 
"return 
hldjlda_logic 
()", 
where 
hld_hlda_logic 
( ) is a function which returns 1 if the 
HoldlHold Ack protocol is satisfied, and returns 0 oth- 
erwise. A suitable definition for hld_hlda~ogic 
( ) is 
shown in Figure 4.14. 


4.5 Summary 
of DMA Control 
Bits 


DCONn I OAS I lOA I SAS I ISA I OM I TM I DONE I GO I 


DAS specifies the Destination Address Space. If DAS 
= 0, the destination is in External Data Memory. If 
DAS = I and IDA = 0, the destination is a Special 


Function Register (SFR). If DAS = I and IDA = 1, 
the destination is in Internal Data RAM. 


IDA (Increment Destination Address) If IDA = 1, the 
destination address is automatically incremented after 
each byte transfer. If IDA = 0, it is not. 


SAS specifies the Source Address Space. If SAS = 0, 
the source is in External Data Memory. If SAS = 1 
and ISA = 0, the source is an SFR. If SAS = 1 and 
ISA = I, the source is Internal Data RAM. 


ISA (Increment 
Source Address) If ISA 
= 
I, the 
source address is automatically incremented after each 
byte transfer. If ISA = 0, it is not. 


DM (Demand Mode) If DM = 1, the DMA Channel 
operates in Demand 
Mode. In Demand 
Mode the 
DMA is initiated either by an external signal or by a 
Serial Port flag, depending on the value of the TM bit. 
If DM = 0, the DMA is requested by setting the GO 
bit in software. 


TM (Transfer Mode) If DM 
= 1 then TM selects 
whether a DMA is initiated by an external signal (TM 
= 1) or by a Serial Port flag (TM = 0). If DM = 0 
then TM selects whether the data transfers are to be in 
bursts (TM = 1) or in alternate cycles (TM = 0). 


DONE indicates the completion of a DMA operation 
and flags an interrupt. It is set to 1by on-chip hardware 
when BCRn = 0, and is cleared to 0 by on-chip hard- 
ware when the interrupt is vectored to. It can also be 
set or cleared by software. 


if 
(ARB = 1 .AND. HLDA = 1) return 1; 


if 
(REQ = 1 .AND. HLDA = 0) return 1; 


GO is the enable bit for the DMA Channel itself. The 
DMA Channel is inactive if GO = O. 


PCON I SMOD 
I ARB 
I REO I GAR EN I XRCLK 
I GFIEN 
I PDN IIDL 
I 


ARB enables the DMA logic to detect HLD and gener- 
ate HLDA. After it has activated HLDA, the CI52 will 
not begin a new DMA to or from External Data Mem- 
ory as long as HLD is seen to be active. This logic is 
disabled when ARB = 0, and enabled when ARB = I. 


REQ enables the DMA logic to generate HLD and de- 
tect HLDA before performing a DMA to or from Ex- 
ternal Data Memory. After it has activated HLD, the 
CI52 will not begin the DMA until HLDA is seen to be 
active. This logic is disabled when REQ = 0, and en- 
abled when REQ = I. 


The 8XCI52 retains all five interrupts of the 8OC5IBH. 
Six new interrupts are added in the 8XCI52, to support 
its GSC and the DMA features. They are as listed be- 
low, and the flags that generate them are shown in Fig- 
ure 5.1. 


GSCRV - 
GSC Receive Valid 
GSCRE - 
GSC Receive Error 
GSCTV - 
GSC Transmit Valid 
GSCTE - 
GSC Transmit Error 
DMAO 
- 
DMA Channel 0 Done 
DMAI 
- 
DMA Channell 
Done 


As shown in Figure 5.1, the Receive Valid interrupt can 
be signaled either by the RFNE flag (Receive FIFO 
Not Empty), or by the RON 
flag (Receive Done). 


Which one of these flags causes the interrupt depends 
on the setting of the DMA bit in the SFR named 
TSTAT. 


DMA = 0 means the DMA hardware is not config- 
ured to service the GSC, so the CPU will service it in 
software in response to the Receive FIFO not being 
empty. In that case, RFNE generates the Receive Valid 
interrupt. 


DMA = I means the DMA hardware is configured to 
service the GSC, in which case the CPU need not be 
interrupted 
till the receive is complete. In that case, 


RON generates the Receive Valid interrupt. 


Similarly the Transmit Valid interrupt can be signaled 
either by the TFNF flag (Transmit FIFO Not Full), or 
by the TDN 
flag (Transmit 
Done), depending on 
whether the DMA bit is 0 or I. 


Note that setting the DMA bit does not itself configure 
the DMA channels to service the GSC. That job must 
be done by software writes to the DMA registers. The 
DMA 
bit 
only 
selects whether 
the 
GSCRV 
and 
GSCTV interrupts are flagged by a FIFO needing serv- 
ice or by an "operation done" signal. 


The Receive and Transmit Error interrupt 
flags are 
generated by the logical OR of a number of error condi- 
tions, which are described in Section 3.6.5. 


Each interrupt is assigned a fixed location in Program 
Memory, and the interrupt causes the CPU to jump to 
that location. All the interrupt 
flags are sampled at 


S5P2 of every machine cycle, and then the samples are 
sequentially polled during the next machine cycle. If 
more than one interrupt of the same priority is active, 
the one that is highest in the polling sequence is serv- 
iced first. The interrupts and their fixed locations in 
Program Memory are listed below in the order of their 
polling sequence. 


RFNE~O~A=O 


~GSCRV 


RON -lO~A=l 


CRCE~ 
AE 
GSCRE 
RCABT 
OVR 
270427-44 


TFNF ~O~A=O 


~GSCTV 


TON -lO~A=l 


TCOT3[)--+ 
UR 
GSCTE 
NOACK 
270427-46 


DONE 
~ O~AO 
(OCONO.l) 
270427-47 


DONE 
~ O~Al 
(OCON1.l ) 
270427-48 


inter 


Interrupt 
Location 
Name 


IEO 
0003H 
External 
Interrupt 
0 
GSCRV 
002BH 
GSC Receive Valid 
TFO 
OOOBH 
Timer 0 Overflow 
GSCRE 
0033H 
GSC Receive 
Error 
DMAO 
003BH 
DMA Channel 
0 Done 
IE1 
0013H 
External 
Interrupt 
1 
GSCTV 
0043H 
GSC Transmit 
Valid 
DMA1 
0053H 
DMA Channel 
1 Done 
TF1 
001BH 
Timer 1 Overflow 
GSCTE 
004BH 
GSC Transmit 
Error 
TI+RI 
0023H 
UART Transmit/Receive 


Note that the locations of the basic 8051 interrupts are 
the same as in the rest of the MCS-51 Family. And 
relative to each other they retain their same positions in 
the polling sequence. 


The locations of the new interrupts all follow the loca- 
tions of the basic 8051 interrupts in Program Memory, 
but they are interleaved with them in the polling se- 
quence. 


To support the new interrupts a second Interrupt En- 
able register and a second Interrupt Priority register are 
implemented in bit-addressable SFR space. The two In- 
terrupt Enable registers in the 8XCI52 are as follows: 


Address of IE in SFR space = OA8H (bit-addressable) 


76 
4 
3 
2 
0 


Address pF lEI in SFR space = OC8H (bit-address- 
able) 


The bits in IE are unchanged from the standard 8051 
IE register. The bits in IENI are as follows: 
EGSTE 
= I Enable GSC Transmit Error Interrupt 
= 0 Disable 
EDMAI = I Enable DMA Channell 
Done Interrupt 
= 0 Disable 
EGSTV 
= I Enable GSC Transmit Valid Interrupt 
= 0 Disable 
EDMAO = I Enable DMA Channel 0 Done Interrupt 
= 0 Disable 
EGSRE 
= I Enable GSC Receive Error Interrupt 
= 0 Disable 
EGSRV = I Enable GSC Receive Valid Interrupt 
= 0 Disable 


The two Interrupt Priority registers in the 8XC152 are 
as follows: 


7 
5 
4 
2 


Address of IP in SFR space = OB8H (bit-addressable) 


76 
5 
4 
3 
2 
1 
0 


Address of IPNI in SFR space = OF8H (bit-address- 
able) 


The bits in IP are unchanged from the standard 8051 
IP register. The bits in IPNI are as follows: 
PGSTE 
= 1 GSC Transmit Error Interrupt 
Priority 
to High 
= 0 Priority to Low 
PDMAI = I DMA Channell 
Done Interrupt Priori- 
ty to High 
= 0 Priority to Low 
PGSTV = I GSC Transmit Valid Interrupt Priority 
to High 
= 0 Priority to Low 
PDMAO = 1 DMA Channel 0 Done Interrupt Priori- 
ty to High 
= 0 Priority to Low 
PGSRE 
= I GSC Receive Error Interrupt Priority to 
High 
= 0 Priority to Low 
PGSRV = I GSC Receive Valid Interrupt Priority to 
High 
= 0 Priority to Low 


Note that these registers all have unimplemented bits 
("-"). 
If these bits are read, they will return unpredict- 
able values. If they are written to, the value written 
goes nowhere. 


It is recommended that user software should never 
write Is to unimplemented bits in MCS·51 devices. Fu- 
ture versions of the device may have new bits installed 
in these locations. If so, their reset value will be O.Old 
software that writes Is to newly implemented bits may 
unexpectedly invoke new features. 


The MCS-51 interrupt 
structure 
provides hardware 
support for only two priority levels, High and Low. 
With as many interrupt sources as the 8XC152 has, it 
may be helpful to know how to augment the priority 
structure in software. Any number of priority levels can 
be implemented in software by saving and redefining 
the interrupt enable registers within the interrupt serv- 
ice routines. The technique is described in the "MCS- 
51" Architectural Overview" chapter in this handbook. 
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The GSC Transmitter 
section reports three kinds of 
error conditions: 
TCDT 
- 
Transmitter Collision Detector 
UR 
- 
Underrun in Transmit FIFO 


NOACK - 
No Acknowledge 


These bits reside in the TSTAT register. User software 
can read them, but only the GSC hardware can write to 
them. The GSC hardware will set them in response to 
the various error conditions that they represent. When 
user software sets the TEN bit, the GSC hardware will 
at that time clear these flags. This is the only way these 
flags can be cleared. 


The logical OR of these three bits flags the GSC Trans- 
mit Error interrupt (GSCTE) and clears the TEN bit, 
as shown in Figure 5.2. Thus any detected error condi- 
tion aborts the transmission. No CRC bits are transmit- 
ted. In SDLC mode, no EOF flag is generated. In 
CSMA/CD 
mode, an EOF is generated by default, 
since the GTXD pin is pulled to a logic I and held 
there. 


The TCDT bit can get set only if the GSC is configured 
to CSMA/CD 
mode. In that case, the GSC hardware 
sets TCDT when a collision is detected during a trans- 
mission, and the collision was detected after TFIFO has 
been accessed. Also, the GSC hardware sets TCDT 
when a detected collision causes the TCDCNT register 
to overflow. 


The UR bit can get set only if the DMA bit in TSTAT 
is set. The DMA bit being set informs the GSC hard- 
ware that TFIFO is being serviced by DMA. In that 
case, if the GSC goes to fetch another byte from TFIFO 
and finds it empty, and the byte count register of the 
DMA channel servicing TFIFO is not zero, it sets the 
UR bit. 


If the DMA hardware is not being used to service 
TFIFO, the UR bit cannot get set. If the DMA bit is 0, 
then when the GSC finds TFIFO empty, it assumes 
that the transmission of data is complete and the trans- 
mission of CRC bits can begin. 


The NOACK 
bit is functional only in CSMA/CD 
mode, and only when the HABEN bit in RSTAT is set. 
The HABEN bit turns on the Hardware Based Ac- 
knowledge feature, as described in Section 3.2.6. If this 
feature is not invoked, the NOACK bit will stay at O. 


"~ 


UR 
GSCTE 
NOACK 


Cleor 


TEN 
TEN 


Set 
m~~" =~ 
EOF 


If the NOACK bit gets set, it means the GSC has com- 
pleted a transmission, and was expecting to receive a 
hardware based acknowledge from the receiver of the 
message, but did not receive the acknowledge, or at 
least did not receive it cleanly. There are three ways the 
NOACK bit can get set: 
1. The acknowledge signal (an unattached preamble) 
was not received before the IFS was completed. 
2. A collision was detected during the IPS. 
3. The line was active during the last bit-time of the 
IFS. 


The first condition is an obvious reason for setting the 
NOACK bit, since that's what the hardware based ac- 
knowledge is for. The other two ways the NOACK bit 
can get set are to guard against the possibility that the 
transmitting station might mistake an unrelated trans- 
mission or transmission fragment for an acknowledge 
signal. 


The GSC Receiver section reports four kinds of error 
conditions: 
CRCE 
- 
CRC Error 
AE 
- 
Alignment Error 
RCABT - 
Receive Abort 
OVR 
- 
Overrun in Receive FIFO 


These bits reside in the RSTAT register. User software 
can read them, but only the GSC hardware can write to 
them. The GSC hardware will set them in response to 
the various error conditions that they represent. When 
user software sets the GREN bit, the GSC hardware 
will at that time clear these flags. This is the only way 
these flags can be cleared. 


The logical OR of these four bits flags the GSC Receive 
Error interrupt (GSCRE) and clears the GREN bit, as 
shown in Figure 5.3. Note in this figure that any error 
condition will prevent RON from being set. 


A CRC Error means the CRC generator did not come 
to its correct value after calculating the CRC of the 
message plus received CRC. 
An Alignment 
Error 
means the number of bits received between the BOF 
and EOF was not a multiple of 8. 


In SOLC mode, the CRCE bit gets set at the end of any 
frame in which there is a CRC Error, and the AE bit 
gets set at the end of any frame in which there is an 
Alignment Error. 


In CSMA/CO mode, if there is no CRC Error, neither 
CRCE nor AE will get set. If there is a CRC Error and 
no Alignment Error, the CRCE bit will get set, but not 
the AE bit. If there is both a CRC Error and an Align- 
ment Error, the AE bit will get set, but not the CRCE 
bit. Thus in CSMA/CO mode, the CRCE and AE bits 
are mutually exclusive. 


The Receive Abort flag, RCABT, gets set if an incom- 
ing frame was interrupted after received data had al- 
ready passed to the Receive FIFO. In SOLC mode, this 
can happen if a line idle condition is detected before an 
EOF flag is. In CSMA/CO 
mode, it can happen if 
there is a collision. In either case, the CPU will have to 
re-initialize whatever pointers and counters it might 
have been using. 


The Overrun Error flag, OVR, gets set if the GSC Re- 
ceiver is ready to push a newly received byte onto the 
Receive FIFO, but the FIFO is full. 


Up to 7 "dribble bits" can be received after the EOF 
without causing an error condition. 


ADRO,I,2,3 
(95H, OA5H, OB5H, OC5H) - Address 
Match Registers 0,1,2,3 - The contents of these SFRs 
are compared against the address bits from the serial 
data on the GSC. If the address matches the SFR, then 
the CI52 accepts that frame. If in 8 bit addressing 
mode, a match with any of the four registers will trigger 
acceptance. In 16 bit addressing mode, a match with 
ADRI:ADRO 
or ADR3:ADR2 
will be accepted. Ad- 
dress length is determined by GMOD (AL). 


AE - Alignment Error, see RSTAT. 
AL - Address Length, see GMOD. 


AMSKO,I (OD5H, OE5H) - Address Match Mask 0,I - 
Identifies which bits in ADRO,I are "don't care" bits. 
Setting a bit to I in AMSKO,I identifies the corre- 
sponding bit in ADDRO,I as not to be examined when 
comparing addresses. 


BAUD - (94H) Contains the programmable value for 
the baud rate generator for the GSC. The baud rate will 
equal (fosc)/«BAUD+ 
I) X 8). 


BCRLO,I (OE2H, OF2H) - Byte Count Register Low 
0,1 - Contains the lower byte of the byte count. Used 
during DMA transfers to identify to the DMA chan- 
nels when the transfer is complete. 


BCRHO,I (OE3H, OF3H) - Byte Count Register High 
0,I - Contains the upper byte of the byte count. 


BKOFF (OC4H) - BackotTTimer - The backotTtimer is 
an eight bit count-down timer with a clock period equal 
to one slot time. The backotT time is used in the 
CSMA/CD collision resolution algorithm. 


BOF - Beginning of Frame flag - A term commonly 
used when dealing with packetized data. Signifies the 
beginning of a frame. 


CRC - Cyclic Redundancy Check - An error checking 
routine that mathematically manipulates a value depen- 
dent on the incoming data. The purpose is to identify 
when a frame has been received in error. 


CSMA/CD 
- Stands for Carrier Sense, Multiple Ac- 


cess, with Collision Detection. 


CT - CRC Type, see GMOD. 


DARLO/I 
(OC2H, OD2H) - Destination Address Reg- 


ister Low 0/1 - Contains the lower byte of the destina- 
tions' address when performing DMA transfers. 


DARHO/I 
(OC3H, OD3H) - Destination Address Reg- 


ister Low 0/1 - Contains the upper byte of the destina- 
tions' address when performing DMA transfers. 


The DCON registers control the operation of the DMA 
channels by determining the source of data to be trans- 
ferred, the destination of the data to be transfer, and the 
various modes of operation. 


DCON.O (GO) • Enables DMA Transfer - When set it 
enables a DMA channel. If block mode is set then 
DMA transfer starts as soon as possible under CPU 
control. If demand mode is set then DMA transfer 
starts when a demand is asserted and recognized. 


DCON.I 
(DONE) 
- DMA Transfer 
is Complete 


When set the DMA transfer is complete. It is set when 
BCR equals 0 and is automatically 
reset when the 


DMA vectors to its interrupt routine. If DMA inter- 
rupt is disabled and the user software executes a jump 
on the DONE bit, then the user software must also 
reset the done bit. If DONE is not set, then the DMA 
transfer is not complete. 


DCON.2 (TM) • Transfer Mode - When set, DMA 
burst transfers are used if the DMA channel is config- 
ured in block mode or external interrupts are used to 
initiate a transfer if in Demand Mode. When TM is 
cleared, Alternate Cycle Transfers are used if DMA is 
in the'Block Mode, or Local Serial channel/GSC inter- 
rupts are used to initiate a transfer if in Demand Mode. 


DCON.3 (DM) - DMA Channel Mode - When set, 
Demand Mode is used and when cleared, Block Mode 
is used. 


DCONA 
(ISA) - Increment Source Address - When 


set, the source address registers are automatically incre- 
mented during each transfer. When cleared, the source 
address registers are not incremented. 


DCON.5 (SAS)· Source Address Space - When set, the 
source of data for the DMA transfers is internal data 
memory if autoincrement is also set. If autoincrement is 
not set but SAS is, then the source for data will be one 
of the Special Function Registers. When SAS is cleared, 
the source for data is external data memory. 


DCON.6 
(IDA) 
- Increment 
Destination 
Address 


Space - When set, destination address registers are in- 
cremented once after each byte is transferred. When 
cleared, the destination address registers are not auto- 
matically incremented. 
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DCON.7 (DAS) - Destination Address Space - When 
set destination of data to be transferred is internal data 
m:mory if autoincrement mode is also set. If autoincre- 
ment is not set the destinationwill be one of the Special 
Function Registers. When DAS is cleared then the des- 
tination is external data memory. 


DEN - An alternate function of one of the port I pins 
(Pl.2). Its purpose is to enable external drivers when 
the GSC is transmitting data. This function is always 
active when using the GSC and if Pl.2 is programmed 
to a l. 


DPH - Data Pointer High, an SFR that contains the 
high order byte of a general purpose pointer called the 
data pointer (DPTR). 


DPL - Data Pointer Low, an SFR that contains the low 
order byte of the data pointer. 


EDMAO - Enable· DMA 
Channel 
0 interrupt, 
see 


IENl. 


EDMAI 
- Enable DMA 
Channel 
I interrupt, 
see 


IENl. 


EGSRE - Enable GSC Receive Error interrupt, 
see 


IENl. 


EGSRV - Enable GSC Receive Valid interrupt, 
see 


IENl. 


EGSTE - Enable GSC Transmit Error interrupt, see 
IENl. 


EGSTV - Enable GSC Transmit Valid interrupt, 
see 


lENl. 


EOF - A general term used in serial communications. 
EOF stands for End Of Frame and signifies when the 
last bits of data are transmitted when using packetized 
data. 


The bits in this SFR, perform most of the configuration 
on the type of data transfers to be used with the GSC. 
Determines the mode, address length, preamble length, 
protocol select, and enables the external clocking of the 
transmit data. 


GMOD.O (PR) - Protocol - If set, SDLC protocols with 
NRZI encoding, zero bit insertion, and SDLC flags are 
used. If cleared, CSMA/CD link access with Manches- 
ter encoding is used. 


PLI PLO LENGTH (BITS) 
o 
0 
0 
018 
I 
0 
32 
I 
I 
64 


The length includes the two bit Begin Of frame (BOF) 
flag in CSMA/CD but does not include the SDLC flag. 
In SDLC mode, the BOF is an SDLC flag, otherwise it 
is two consecutive ones. Zero length is not compatible 
in CSMA/CD mode. 


GMOD.3 (CT) - CRC Type - If set, 32-bit AUTODIN- 
II-32 is used. If cleared, 16-bit CRC-CCITT is used. 


GMOD.4 (AL) - Address Length - If set, 16-bit ad- 
dressing is used. If cleared, 8-bit addressing is used. In 
8-bit mode, a match with any of the 4 address registers 
will allow that frame to be accepted (ADRO, ADRI, 
ADR2, ADR3). "Don't Care" bits may be masked in 
ADRO and ADRI with AMSKO and AMSKl. 
In 16- 


bit 
mode, 
addresses 
are 
matched 
against 
"ADRI:ADRO" 
or "ADR3:ADR2". 
Again, "Don't 


Care" 
bits 
in 
ADRI:ADRO 
can 
be 
masked 
in 


AMSKI:AMSKO. A received address of all ones will 
always be recognized in any mode. 


GMOD.5, 6 (MO,MI) - Mode Select - Two test modes, 
an optional "alternate backotr' mode, or normal back- 
off can be enabled with these two bits. 


MI 
MO 
Mode 
o 
0 
Normal 
o 
1 
Raw Transmit 
1 
0 
Raw Receive 
I 
I 
Alternate Backoff 


GMOD.7 (XTCLK) - External Transmit Clock - If set 
an external IX clock is used for the transmitter. 
If 


cleared the internal baud rate generator provides the 
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transmit 
clock. The input clock is applied to PI.3 
(TxC). The user software is responsible for setting or 
clearing this flag. External receive clock is enabled by 
setting PCON.3. 


GRxD - GSC Receive Data input, an alternate function 
of one of the port I pins (PI.O). This pin is used as the 
receive input for the GSC. PI.O must be programmed 
to a I for this function to operate. 


GSC - Global Serial Channel - A high-level, multi-pro- 
tocol, serial communication 
controller added to the 
8OC5IBH core to accomplish high-speed transfers of 
packetized serial data. 


GTxD - GSC Transmit Data output, an alternate func- 
tion of one of the port I pins (P I.l). This pin is used as 
the transmit output for the GSC. PI. I must be pro- 
grammed to a I for this function to operate. 


HBAEN - Hardware Based Acknowledge Enable, see 
RSTAT. 


HLDA - Hold Acknowledge, an alternate function of 
one of the port I pins (P I.6). This pin is used to per- 
form the "HOLD 
ACKNOWLEDGE" 
function for 
DMA transfers. HLDA can be an input or an output, 
depending on the configuration of the DMA channels. 
PI.6 must be programmed to a I for this function to 
operate. 


HOLD - Hold, an alternate function of one of the port 
I pins (PI.5). This pin is used to perform the "HOLD" 
function for DMA transfers. HOLD can be an input or 
an output, depending on the configuration of the DMA 
channels. PI.5 must be programmed to a I for this 
function to operate. 


IE (OA8H) 


4 
3 
2 


Interrupt Enable SFR, used to individually enable the 
Timer and Local Serial Channel interrupts. Also con- 
tains the global enable bit which must be set to a I to 
enable any interrupt to be automatically recognized by 
the CPU. 


IE.O (EXO) - Enables the external interrupt INTO on 
P3.2. 


IE.2 (EXI) - Enables the external interrupt INTI on 
P3.3. 


lEA (ES) - Enables the Local Serial Channel interrupt. 


IE.7 (EA) - The global interrupt enable bit. This bit 
must be set to a I for any other interrupt to be enabled. 


Interrupt enable register for DMA and GSC interrupts. 
A I in any bit position enables that interrupt. 


IENI.O (EGSRV) - Enables the GSC valid receive in- 
terrupt. 


IENI.l 
(EGSRE) - Enables the GSC receive error in- 


terrupt. 


IENI.2 (EDMAO) - Enables the DMA done interrupt 
for Channel O. 


IEN1.3 (EGSTV) - Enables the GSC valid transmit in- 
terrupt. 


IENI.4 (EDMAI) - Enables the DMA done interrupt 
for Channel I. 


IENI.5 (EGSTE) - Enables the GSC transmit error in- 
terrupt 


IFS - (OA4H) Interframe Space, determines the number 
of bit times separating transmitted frames. 


Allows the user software two levels of prioritization to 
be assigned to each of the interrupts in IE. A I assigns 
the corresponding interrupt 
in IE a higher interrupt 


than an interrupt with a corresponding O. 


IP.O (PXO) - Assigns the priority of external interrupt, 
INTO. 


IP.I (PTO) - Assigns the priority of Timer 0 interrupt, 
TO. 


IP.2 (PXI) - Assigns the priority of external interrupt, 
INTI. 


IP.3 (PTI) - Assigns the priority of Timer I interrupt, 
Tl. 


IP.4 (PS) - Assigns the priority of the LSC interrupt, 
SBUF. 


IPNI - (OF8H) 
765 
4 
3 
2 
1 
0 
I I 
I PGSTE I PDMA1 I PGSTV I PDMAO I PGSRE I PGSRV I 


Allows the user software two levels of prioritization to 
be assigned to each of the interrupts in IEN 1. A 1 as- 
signs the corresponding interrupt in IENI a higher in- 
terrupt than an interrupt with a corresponding O. 


IPN 1.0 (PGSR V) - Assigns the priority of GSC receive 
valid interrupt. 


IPNI.I 
(PGSRE) - Assigns the priority of GSC error 
receive interrupt. 


IPNl.2 (PDMAO) - Assigns the priority of DMA done 
interrupt for Channel O. 


IPN1.3 (PGSTV) - Assigns the priority of GSC trans- 
mit valid interrupt. 


IPNl.4 (PDMAI) - Assigns the priority of DMA done 
interrupt for Channel I. 


IPN1.5 (PGSTE) - Assigns the priority of GSC trans- 
mit error interrupt. 


LSC - Local Serial Channel - The asynchronous serial 
port found on all MCS-51 devices. Uses start/stop 
bits 
and can transfer only I byte at a time. 


Determines which type of Jam is used, which backoff 
algorithm is used, and the DCR slot address for the 
GSC. 


MYSLOT.0,1,2,3,4,5 (SAO,I,2,3,4,5) - These bits deter- 
mine which slot address is assigned to the CI52 when 
using deterministic backoff during CSMA/CD 
opera- 
tions on the GSC. Maximum slots available is 63. An 
address of DOH prevents that station from participating 
in the backoff process. 


MYSLOT.6 (DCR) - Determines which collision reso- 
lution algorithm is used. If set to ai, 
then the determi- 


nistic backoff is used. If cleared, then a random slot 
assignment is used. 


MYSLOT.7 (DCJ) - Determines the type of Jam used 
during CSMA/CD 
operation when a collision occurs. 
If set to a I then a low D.C. level is used as the jam 
signal. If cleared, then CRC is used as the jam signal. 
The jam is applied for a length of time equal to the 
CRC length. 


NRZI - Non-Return to Zero inverted, a type of data 
encoding where a 0 is represented by a change in the 
level of the serial link. A 1 is represented by no change. 


PCON.O (IDL) - Idle bit, used to place the CI52 into 
the idle power saving mode. 


PCON.! 
(PD) - Power Down bit, used to place the 
CI52 into the power down power saving mode. 


PCON.2 (GFIEN) - GSC Flag Idle Enable bit, when 
set, enables idle flags (01111110) to be generated be- 
tween transmitted frames in SDLC mode. 


PCON.3 (XRCLK) - External Receive Clock bit, used 
to enable an external clock to be used for only the re- 
ceiver portion of the GSC. 


PCON.4 (GAREN) 
- GSC Auxiliary Receive Enable 


bit, used to enable the GSC to receive back-to-back 
SDLC frames. This bit has no effect in CSMA/CD 
mode. 
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PCON.5 (REQ) - Requester mode bit, set to a 1 when 
C152 is to be operated as the requester station during 
DMA transfers. 


PCON.6 (ARB) - Arbiter mode bit, set to a 1 when 
Cl52 is to be operated as the arbiter during DMA 
transfers. 


PCON.7 (SMOD) - LSC mode bit, used to double the 
baud rate on the LSC. 


PDMAO - Priority bit for DMA Channel 0 interrupt, 
see IPNI. 


PDMAI 
- Priority bit for DMA Channel 1 interrupt, 
see IPNI. 


PGSRE - Priority bit for GSC Receive Error interrupt, 
see IPNI. 


PGSR V - Priority bit for GSC Receive Valid interrupt, 
see IPNI. 


PGSTE - Priority bit for GSC Transmit Error inter- 
rupt, see IPNI. 


PGSTV - Priority bit for GSC Transmit Valid inter- 
rupt, see IPNI. 


PLO - One of two bits that determines the Preamble 
Length, see GMOD. 


PLI - One of two bits that determines the Preamble 
Length, see GMOD. 


PRBS - (OE4H) Pseudo-Random Binary Sequence, gen- 
erates 
the 
pseudo-random 
number 
to 
be used 
in 
CSMA/CD backoff algorithms. 


RFNE 
- GSC Receive FIFO 
Not Empty 
bit, see 
RSTAT. 


RFIFO - (F4H) RFIFO is a 3-byte FIFO that contains 
the receive data from the GSC. 


RSTAT.O (HBAEN) - Hardware Based Acknowledge 
Enable - If set, enables the hardware based acknowl- 
edge feature. 


RSTAT.l 
(GREN) - Receiver Enable - When set, the 
receiver is enabled to accept incoming frames. This also 
clears RDN, 
CRCE, AE, RCABT 
and the receive 
FIFO. It is cleared by the receiver at the end of a recep- 
tion or if any errors occurred. The status of GREN has 
no effect on whether the receiver detects a collision in 
CSMA/CD mode as the receiver input circuitry always 
monitors the receive pin. 


RSTAT.2 (RFNE) - Receive FIFO Not Empty - If set, 
indicates that the receive FIFO contains data. The re- 
ceive FIFO is a three byte buffer into which the receive 
data is loaded. A CPU read of the FIFO retrieves the 
oldest data and automatically updates the FIFO point- 
ers. Setting GREN to a one will clear the receive FIFO. 
The status of this flag is controlled by the GSC. This bit 
is cleared if user S/W empties receive FIFO. 


RSTAT.3 (RDN) - Receive Done - If set, indicates the 
successful completion of a receiver operation. Will not 
be set if a CRC, alignment, abort, or FIFO overrun 
error occurred. 


RSTAT.4 (CRCE) - CRC Error - If set, indicates that a 
properly aligned frame was received with a mismatched 
CRC. 


RSTAT.5 (AE) - Alignment Error - If set, indicates 
that the line went idle when the receiver shift register 
was not full and the resulting CRC was bad in the 
CSMA/CD mode. If a correct CRC was valid then AE 
is not ·set. In SDLC mode, AE indicates that a non- 
byte-aligned flag was received. 


RSTAT.6 (RCABT) - Receiver Collision/Abort Detect 
- If set, indicates that a collision was detected after data 
had been loaded into the receive FIFO in CSMA/CD 
mode. In SDLC mode, RCABT indicates that 7 consec- 
utive ones were detected prior to the end flag but after 
data has been loaded into the receive FIFO. 


RSTAT.7 (OVR) - Overrun - If set, indicates that the 
receive FIFO was full and new shift register data was 
written into it. It is cleared by user S/W. 
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SARHO (OA3H) - Source Address Register High 0, 
contains the high byte of the source address for DMA 
Channel O. 


SARHI 
(OB3H) - Source Address Register High 1, 


contains the high byte of the source address for DMA 
Channel 1. 


SARLO (OA2H) - Source Address Register Low 0, con- 
tains the low byte of the source address for DMA 
ChannelO. 


SARLI (OB2H) - Source Address Register Low I, con- 
tains the low byte of the source address for DMA 
ChannelL 


SBUF (099H) - Serial Buffer, both the receive and 
transmit SFR location for the LSC. 


SCON.2 (RB8) - Receive Bit 8, contains the ninth bit 
that was received in Modes 2 and 3 or the stop bit in 
Mode 1 if SM20. Not used in Mode O. 


SCON.3 (TB8) - Transmit Bit 8, the ninth bit to be 
transmitted in Modes 2 and 3. 


SCON.4 (REN) - Receiver Enable, enables reception 
for the LSC. 


SCON.5 (SM2) - Enables the multiprocessor communi- 
cation feature in Modes 2 and 3 for the LSC. 


SCON.6 (SMI) - LSC mode specifier. 


SCON.7 (SM2) - LSC mode specifier. 


SDLC - Stands for Synchronous Data Link Communi- 
cation and is a protocol developed by IBM. 


SLOTTM - (OB4H) Determines the length of the slot 
time in CSMA/CD. 


SP (081H) - Stack Pointer, an eight bit pointer register 
used during a PUSH, POP, CALL, RET, or RETI. 


TCDCNT - (OD4H) Contains the number of collisions 
in the current frame if using probabilistic CSMA/CD 
and contains the maximum number of slots in the de- 
terministic mode. 


TCON.2 (IT!) - Interrupt 
I mode control bit. 


TCON.3 (lEI) - External interrupt 1 edge flag. 


TFIFO - (85H) TFIFO is a 3-byte FIFO that contains 
the transmission data for the GSC. 


THO (08CH) - Timer 0 High byte, contains the high 
byte for timer/counter 
O. 


THI (08DH) - Timer I High byte, contains the high 
byte for timer/counter 
1. 


TLO (08AH) - Timer 0 Low byte, contains the low byte 
for timer/counter 
O. 


TLi (08BH) - Timer I Low byte, contains the low byte 
for timer/counter 
1. 
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TMOD.I (MI) - Mode selector bit for Timer O. 


TMOD.2 (Cm - Timer/Counter 
selector bit for 
Timer O. 


TMOD.5 (MI) - Mode selector bit for Timer I. 


TMOD.6 (CIf) 
- Timer/Counter 
selector bit for 
Timer I. 


TSTAT.O (DMA) - DMA Select - If set, indicates that 
DMA channels are used to service the GSC FIFO's and 
GSC interrupts occur on TDN and RON, and also en- 
ables UR to become set. If cleared, indicates that the 
GSC is operating in ;t normal mode and interrupts oc- 
cur on TFNE and RFNE.For 
more information on 
DMA servicing please refer to the DMA section on 
DMA serial demand mode (4.2.2.3). 


TSTAT.I (TEN) - Transmit Enable - When set causes 
TDN, UR, TCDT, and NOACK flags to be reset and 
the TFIFO cleared. The transmitter will clear TEN af- 
ter a successful transmission, a collision during the 
data, CRC, or end flag. If cleared during a transmission 
the GSC transmit pin goes to a steady state high level. 
This is the method used to send an abort character in 
SDLC. Also DEN is forced to a high level. The end of 
transmission occurs whenever the TFIFO is emptied. 


TSTAT.2 (TFNF) - Transmit FIFO not full - When 
set, indicates that new data may be written into the 
transmit FIFO. The transmit FIFO is a three byte buff- 
er that loads the transmit shift register with data. 


TSTAT.3 (TDN) - Transmit Done - When set, indi- 
cates the successful completion of a frame transmission. 
If HBAEN is set, TDN will not be set until the end of 
the IFS following the transmitted message, so that the 
acknowledge can be checked. If an acknowledge is ex- 
pected and not received, TDN is not set. An acknowl- 
edge is not expected following a broadcast or multi-cast 
packet. 


TSTAT.4 (TCDT) - Transmit Collision Detect - If set, 
indicates that the transmitter halted due to a collision. 
It is set if a collision occurs during the data or CRC or 
if there are more than eight collisions. 


TSTAT.5 (UR) - Underrun - If set, indicates that in 
DMA mode the last bit was shifted out of the transmit 
register and that the DMA byte count did not equal 
zero. When an underrun occurs, the transmitter halts 
without sending the CRC or the end flag. 


TSTAT.6 (NOACK) - No Acknowledge - If set, indi- 
cates that no acknowledge was received for the previous 
frame. Will be set only if HBAEN is set and no ac- 
knowledge is received prior to the end of the IFS. 
NOACK is not set following a broadcast or a multi- 
cast packet. 


TSTAT.7 (LNI) - Line Idle - If set, indicates the re- 
ceive line is idle. In SDLC protocol it is set if 15consec- 
utive ones are received. In CSMA/CD 
protocol, line 
idle is set if no transitions occur on GR XD for 1.6 bit 
times after a required transition. LNI is cleared after a 
transition on GRXD. 


TxC - External Clock input for GSC transmitter. 


UR ~Underrun flag, see TSTAT. 


XRCLK - External GSC Receive Clock Enable bit, see 
PCON. 


XTCLK - External GSC Transmit Clock Enable bit, 
see GMOD. 
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8XC152JA/JB/JC/JD 
UNIVERSAL COMMUNICATION 
CONTROLLER 
8-BIT MICROCOMPUTER 


• 
Superset 
of 80C51 Architecture 


• 
Multi-Protocol 
Serial Communication 
I/O Port (2.048 Mbps/2.4 
Mbps Max) 
- 
SDLC/HDLC 
Only 
- 
CSMA/CD 
and SDLC/HDLC 
- 
User Definable 
Protocols 


• 
Full Duplex/Half 
Duplex 


• 
MCS®·51 
Compatible 
UART 


• 
16.5 MHz Maximum 
Clock Frequency 


• 
Multiple 
Power Conservation 
Modes 


• 
64KB Program 
Memory 
Addressing 


• 
64KB Data Memory 
Addressing 


• 
256 Bytes On-Chip 
RAM 


• 
Dual On·Chlp 
DMA Channels 


• 
Hold/Hold 
Acknowledge 


• 
Two General 
Purpose Timer/Counters 


• 
5 or 7 I/O Ports 


• 
56 Special Function 
Registers 


• 
11 Interrupt 
Sources 


• 
Available 
in 48 Pin Dual·ln·Llne 
Package 
and 68 Pin Surface 
Mount PLCC 
Package 


(see 
Packaging 
Spec. 
Order 
# 231369) 


The 80C152. 
which 
is based 
on the MCS<!>-51 CPU. is a highly 
integrated 
single-chip 
8-bit microcontroller 
designed 
for cost-sensitive, 
high-speed. 
serial communications. 
It is well suited for implementing 
Integrated 


Services 
Digital Networks 
(ISDN), emerging 
Local Area Networks. 
and user defined 
serial backplane 
applica- 
tions. In addition 
to the multi-protocol 
communication 
capability. 
the 80C152 
offers traditional 
microcontroller 
features 
for peripheral 
I/O interface 
and control. 


Silicon 
implementations 
are much more cost effective 
than multi-wire 
cables 
found in board level parallel-to- 
serial and serial-to-parallel 
converters. 
The 83C152 
contains, 
in silicon, 
all the features 
needed 
for the serial- 
to-parallel 
conversion. 
Other 83C152 
benefits 
include: 
1) better noise immunity 
through differential 
signaling 
or 


fiber optic connections, 
2) data integrity utilizing the standard. 
designed 
in CRC checks, 
and 3) better modulari- 
ty of hardware 
and software 
designs. 
All of these-cost. 
network 
parameter 
and real estate 
improvements- 


apply to 83C152 
serial links between 
boards or systems 
and 83C152 
serial links on a single board. 
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Figure 1. Connection 
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rUNC- 
noN 
REGIS- 
TERS 


256 
BYTES 
RAW 


GLOBAL 
SERIAL 
CHANNEL 
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80C152JB/JD General Description 


The 
80C152JB/ 
JD is a ROM less extension 
of the 
80C152 
Universal 
Communication 
controller. 
The 
80C152JB 
has the same five 8·bit I/O 
ports of the 
80C152, 
plus an additional 
two 8·bit I/O ports, Port 5 
and 
Port 6. The 80C152JB/ 
JD also 
has two addi· 
tional control 
pins, EBEN (EPROM Bus ENable), and 
EPSEN (EPROM 
bus Program 
Store ENable). 


EBEN selects 
the functionality 
of Port 5 and Port 6. 
When EBEN is low, these ports are strictly 
I/O, simi· 
lar to Port 4. The SFR location 
for Port 5 is 91 Hand 
Port 6 is OA1H. This means Port 5 and Port 6 are not 
bit addressable. 
With EBEN low, all program 
memo· 
ry fetches 
take 
place 
via Port 0 and 
Port 2. (The 
80C152 
is a ROM less only product). 
When 
EBEN is 
high, Port 5 and Port 6 form 
an address/ 
data bus 
called the E·Bus (EPROM·Bus) 
for program 
memory 
operations. 


EPSEN is used in conjunction 
with Port 5 and Port 6 
program 
memory 
operations. 
EPSEN functions 
like 
PSEN during 
program 
memory 
operation, 
but sup· 
ports Port 5 and Port 6. EPSEN is the read strobe to 
external 
program 
memory 
for 
Port 
5 and 
Port 
6. 
EPSEN is activated 
twice during each machine 
cycle 
unless an external 
data memory operation 
occurs on 
Port(s) 0 and Port 2. When external 
data memory 
is 
accessed 
the 
second 
activation 
of 
EPSEN 
is 
skipped, 
which 
is the 
same 
as when 
using 
PSEN. 


Note 
that 
data 
memory 
fetches 
cannot 
be 
made 
through 
Ports 5 and 6. 


When EBEN is high and EA is low, all program 
memo 
ory operations 
take place via Ports 5 and 6. The high 
byte of the address 
goes out on Port 6, and the low 
byte is output on Port 5. ALE is still used to latch the 
address 
on Port 5. Next, the op code is read on Port 
5. The timing is the same as when using Ports 0 and 
2 for external 
program 
memory 
operations. 


EBEN 
EA 
Program 
PSEN 
EPSEN 
Comments 
Fetch 
via 


0 
0 
PO,P2 
Active 
Inactive 
Addresses 
O-OFFFFH 


0 
1 
N/A 
N/A 
N/A 
Invalid Combination 


1 
0 
P5,P6 
Inactive 
Active 
Addresses 
O-OFFFFH 


1 
1 
P5,P6 
Inactive 
Active 
Addresses 
0-1 FFFH 
PO, P2 
Active 
Inactive 
Addresses 
2 2000H 


ROMless 
CSMA/CO 
HOLC/SOLC 
ROM 
PLCC 
PLCC 
and 
Version 
and 
51/0 
7110 
Version 
Only 
HOLC/SOLC 
Available 
OIP 
Only 
Ports 
Ports 


80C152JA 
* 
* (83C152JA) 
* 
* 
80C152JB 
* 
* 
* 
80C152JC 
* 
* (83C152JC) 
* 
* 
80C152JD 
* 
* 
* 


NOTES: 
* = options 
available 
o standard 
frequency 
range 
3.5 MHz to 12 MHz 
0"-1" 
frequency 
range 
3.5 MHz to 16.5 MHz 
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Pin 
ill 
Pin Description 


DIP 
PLCC(1) 


48 
2 
Vcc-Supply 
voltage. 


24 
3,33(2) 
Vss-Circuit 
ground. 


18·21, 
27·30, 
Port o-Port 
0 is an 8-bit open drain bidirectional 
I/O port. As an output port each pin 
25-28 
34·37 
can sink 8 LS TTL inputs. Port 0 pins that have 1s written to them float, and in that 
state can be used as high-impedance 
inputs. 
Port 0 is also the multiplexed 
low-order 
address and data bus during accesses 
to 
external 
program 
memory if EBEN is pulled low. During accesses 
to external 
Data 
Memory, 
Port 0 always emits the low-order 
address byte and serves as the multiplexed 
data bus. In these applications 
it uses strong internal pullups when emitting 
1s. 


Port 0 also outputs 
the code bytes during program 
verification. 
External pullups are 
required during program verification. 


1-8 
4-11 
Port 
1-Port 
1 is an 8-bit bidirectional 
I/O port with internal 
pull ups. Port 1 pins that 
have 1s written to them are pulled high by the internal pullups, and in that state can be 
used as inputs. As inputs, Port 1 pins that are externally 
being pulled low will source 
current (IlL, on the data sheet) because 
of the internal pullups. 
Port 1 also serves the functions 
of various special features 
of the 8XC152, as listed 
below: 


Pin 
Name 
Alternate 
Function 


P1.0 
GRXD 
GSC data input pin 
P1.1 
GTXD 
GSC data output pin 
P1.2 
DEN 
GSC enable signal for an external driver 
P1.3 
TXC 
GSC input pin for external transmit 
clock 
P1.4 
RXC 
GSC input pin for external 
receive clock 
P1.5 
HLD 
DMA hold input/ output 
-- 
P1.6 
HLDA 
DMA hold acknowledge 
input/output 


29-36 
41-48 
Port 2-Port 
2 is an 8-bit bidirectional 
I/O port with internal 
pullups. Port 2 pins that 
have 1s written to them are pulled high by the internal pullups, and in that state can be 
used as inputs. As inputs, Port 2 pins that are externally 
being pulled low will source 
current (IlL, on the data sheet) because of the internal pullups. 


Port 2 emits the high-order 
address byte during fetches 
from external 
Program 
Memory if EBEN is pulled low. During accesses 
to external 
Data Memory that use 16- 
bit addresses 
(MOVX 
@ DPTR and DMA operations), 
Port 2 emits the high-order 
address 
byte. In these applications 
it uses strong internal pullups when emitting 
1s. 


During accesses 
to external 
Data Memory that use 8-bit addresses 
(MOVX 
@ Ri), 
Port 2 emits the contents 
of the P2 Special 
Function 
Register. 


Port 2 also receives 
the high-order 
address 
bits during program verification. 


10- 17 
14-16, 
Port 3-Port 
3 is an 8-bit bidirectionalI/O 
port with internal pullups. Port 3 pins that 
18,19, 
have 1s written to them are pulled high by the internal 
pull ups, and in that state can be 
23-25 
used as inputs. As inputs, Port 3 pins that are externally 
being pulled low will source 
current (IlL, on the data sheet) because 
of the pullups. 


Port 3 also serves the functions 
of various special features 
of the MCS-51 Family, as 
listed below: 


Pin 
Name 
Alternate 
Function 


P3.0 
RXD 
Serial input line 
P3.1 
TXD 
Serial output line 
P3.2 
INTO 
External 
Interrupt 0 
P3.3 
INT1 
External 
Interrupt 
1 
P3.4 
TO 
Timer 0 external 
input 
P3.5 
T1 
Timer 1 external 
input 
P3.6 
WR 
External 
Data Memory Write strobe 
P3.7 
RD 
External Data Memory 
Read strobe 


NOTES: 
1. N.C. pins on PLCC package 
may be connected 
to internal 
die and should 
not be used in customer 
applications. 
2. It is recommended 
that both Pin 3 and Pin 33 be grounded 
for PLCC devices. 


Pin # 
Pin Description 


47-40 
65-.58 
Port 4-Port 
4 is an 8-bit bidirectional 
I/O port with internEd pullups. Port 4 pins that 
have 1s written to them are pulled high by the internal pullups, and in that state can 
be used as inputs. As inputs, Port 4 pins that are externally 
being pulled low will 
source current (IlL, on the data sheet) because 
of the internal 
pullups. In addition, 
Port 4 also receives 
the low-order 
address bytes during program verification. 


9 
13 
RST -Reset 
input. A logic low on this pin for three machine cycles while the 
oscillator 
is running resets the device. An internal pullup resistor permits a power-on 
reset to be generated 
using only an external 
capacitor 
to Vss. Although 
the GSC 
recognizes 
the reset after three machine cycles, data may continue 
to be 
transmitted 
for up to 4 machine 
cycles after Reset is first applied. 


38 
55 
ALE-Address 
Latch Enable output signal for latching the low byte of the address 
during accesses 
to external 
memory. 
In normal operation 
ALE is emitted 
at a constant 
rate of % the oscillator 
frequency, 
and may be used for external timing or clocking 
purposes. 
Note, 
however, 
that one ALE pulse is skipped during each access to external 
Data 
Memory. While in Reset, ALE remains at a constant 
high level. 


37 
54 
PSEN-Program 
Store Enable is the Read strobe to External 
Program Memory. 


When the 8XC152 is executing 
from external program 
memory, 
PSEN is active 
(low). When the device is executing 
code from External 
Program Memory, 
PSEN is 
activated 
twice each machine cycle, except that two PSEN activations 
are skipped 
during each access to External 
Data Memory. While in Reset, PSEN remains at a 
constant 
high level. 


39 
56 
EA-External 
Access 
enable. EA must be externally 
pulled low in order to enable 
the 8XC152 to fetch code from External Program Memory locations 
OOOOH to 
OFFFH. 
EA must be connected 
to VCC for internal program 
execution. 


23 
32 
XTAL 1-lnput 
to the inverting 
oscillator 
amplifier 
and input to the internal 
clock 
generating 
circuits. 


22 
31 
XTAL2-Output 
from the inverting 
oscillator 
amplifier. 


N/A 
17,20 
Port 5-Port 
5 is an 8-bit bidirectional 
I/O port with internal 
pullups. Port 5 pins that 
21,22 
have 1s written to them are pulled high by the internal pull ups, and in that state can 
38,39 
be used as inputs. As inputs, Port 5 pins that are externally 
being pulled low will 
40,49 
source current (IlL, on the data sheet) because 
of the internal 
pull ups. 


Port 5 is also the multiplexed 
low-order 
address and data bus during accesses 
to 
external 
program 
memory if EBEN is pulled high. In this application 
it uses strong 
pullups when emitting 
1s. 


N/A 
67,66 
Port 6-Port 
6 is an 8-bit bidirectionalI/O 
port with internal pull ups. Port 6 pins that 
52,57 
have 1s written to them are pulled high by the internal 
pull ups, and in that state can 
50,68 
be used as inputs. As inputs, Port 6 pins that are externally 
pulled low will source 
1,51 
current (IlL, on the data sheet) because 
of the internal pullups. 
Port 6 emits the high-order 
address 
byte during fetches 
from external 
Program 
Memory if EBEN is pulled high. In this application 
it uses strong pullups when 
emitting 
1s. 


N/A 
12 
EBEN-E-Bus 
Enable input that designates 
whether 
program 
memory fetches 
take 
place via Ports 0 and 2 or Ports 5 and 6. Table 1 shows how the ports are used in 
conjunction 
with EBEN. 


N/A 
53 
EPSEN-E-bus 
Program Store Enable is the Read strobe to external 
program 
memory when EBEN is high. Table 2 shows when EPSEN is used relative to PSEN 
depending 
on the status of EBEN and EA. 


inter 


XTAL1 and XTAL2 are the input and output, respec- 
tively, of an inverting amplifier which can be config- 
ured for use as an on-chip oscillator, as shown in 
Figure 3. 


EXTERNAL 
OSCILLATOR 
SIGNAL 


To drive the device from an external clock source, 
XTAL1 should be driven, while XTAL2 is left uncon- 
nected, as shown in Figure 4. There are no require- 
ments on the duty cycle of the external clock signal, 
since the input to the internal clocking circuitry is 
through a divide-by-two flip-flop, but minimum and 
maximum high and low times specified on the Data 
Sheet must be observed. 


In Idle Mode, the CPU puts itself to sleep while most 
of the on-chip peripherals remain active. The major 
peripherals that do not remain active during Idle, are 
the DMA channels. The Idle Mode is invoked by 
software. The content of the on-chip RAM and all 
the Special Function Registers remain unchanged 
during this mode. The Idle Mode can be terminated 
by any enabled interrupt or by a hardware reset. 


In Power Down Mode, the oscillator is stopped and 
all on-chip functions cease except that the on-chip 
RAM contents are maintained. The mode Power 
Down is invoked by software. The Power Down 
Mode can be terminated only by a hardware reset. 


Table 3. Status of the External 
Pins During Idle and Power Down Modes 
80C152JA/83C152JA/80C152JC/83C152JC 


Mode 
Program 
ALE 
PSEN 
Port 0 
Port 1 
Port 2 
Port 3 
Port 4 
Memory 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 
Data 


Power Down 
Internal 
0 
0 
Data 
Data 
Data 
Data 
Data 


Power Down 
External 
0 
0 
Float 
Data 
Data 
Data 
Data 


Mode 
Instruction 
ALE 
PSEN 
EPSEN 
Port 0 
Port 1 
Port 2 
Port 3 Port 4 
Port 5 
Port 6 
Bus 


Idle 
PO,P2 
1 
1 
1 
Float 
Data 
Address 
Data 
Data 
OFFH 
OFFH 


Idle 
P5,P6 
1 
1 
1 
Data 
Data 
Data 
Data 
Data 
OFFH Address 


Power Down 
PO,P2 
0 
0 
1 
Float 
Data 
Data 
Data 
Data 
OFFH 
OFFH 


Power Down 
P5,P6 
0 
1 
0 
Data 
Data 
Data 
Data 
Data 
OFFH 
OFFH 


NOTE: 
For more 
detailed 
information 
on the reduced 
power 
modes 
refer to the 
Embedded 
Controller 
Handbook, 
and Application 


Note AP-252, 
"Designing 
with the 80C51BH." 


intJ 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Ambient 
Temperature 
Under Bias .... 
O°C to + 70°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage on Any pin to Vss 
.. '-0.5V 
to (Vee + 0.5V) 


Voltage on Vee to VSS 
-0.5V 
to +6.5V 


Power Dissipation 
1.0W(9) 


NOTICE' Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test ConditIons 
(Note 3) 


VIL 
Input Low Voltage 
-0.5 
0.2Vee-0.1 
V 
(All Except EA, EBEN) 


VIL1 
Input Low Voltage 
-0.5 
0.2Vee-0.3 
V 
(EA, EBEN) 


VIH 
Input High Voltage 
0.2Vee+0.9 
Vee+0.5 
V 
(Except XTAL 1, RST) 


VIH1 
Input High Voltage 
0.7Vee 
Vee+0.5 
V 
(XTAL 1, RST) 


VOL 
Output Low Voltage 
0.45 
V 
IOL = 1.6 mA 
(Ports 1, 2, 3, 4, 5, 6) 
(Note 4) 


VOL1 
Output Low Voltage 
0.45 
V 
IOL = 3.2mA 
(Port 0, ALE, PSEN, EPSEN) 
(Note 4) 


VOH 
Output High Voltage 
2.4 
V 
IOH = -60 
IJoA 
(Ports 1, 2, 3, 4, 5, 6 COMM9 
Vee = 5V ±10% 


ALE, PSEN, EPSEN) 
0.9Vee 
V 
IOH = -10 
IJoA 


VOH1 
Output High Voltage 
2.4 
V 
IOH = -400 
IJoA 
(Port 0 in External 
Vee = 5V ±10% 


Bus Mode) 
0.9Vee 
V 
IOH = - 40 IJoA(Note 5) 


IlL 
Logical 0 Input 
-50 
IJoA 
VIN = 0.45V 
Current (Ports 1, 2, 3, 4, 5, 6) 


ITL 
Logical 1 to 0 
-650 
IJoA 
VIN = 2V 
Transition 
Current 
(Ports 1, 2, 3, 4, 5, 6) 


III 
Input Leakage 
±10 
IJoA 
0.45 <VIN <Vee 
(Port 0, EA) 


RRST 
Reset Pullup Resistor 
40 
kfi 


IIH 
Logical 
1 Input Current (EBEN) 
+60 
IJoA 
, 


Ice 
Power Supply Current: 
Active (16.5 MHz) 
31 
41.1 
mA 
(Note 6) 


Idle (16.5 MHz) 
8 
15.4 
mA 
(Note 6) 
Power Down Mode 
10 
IJoA Vee = 2.0V to 5.5V 


NOTES: 
3. "Typicals" are based on samples taken from early manufacturing lots and are not guaranteed. The measurements were 
made with Vee = 5V at room temperature. 
4. Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the VOLSof ALE and Ports 
1 and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 1- 
to-Otransitions during bus operations. In the worst cases (capacitive loading> 
100 pF), the noise pulse on the ALE pin may 
exceed 0.8V. In such cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt 
Trigger STROBE input. 
5. Capacitive loading on Ports 0 and 2 may cause the VOHon ALE and PSEN to momentarily fall below the 0.9Vee specifi- 
cation when the address bits are stabilizing. 
6. Ice is measured with all output pins disconnected; XTAL1 driven with TCLCH, TCHCL = 5 ns,!Jl. = VSS + 0.5V, VIH = 
~ 
- 
0.5V; XTAL2 N.C.; Port 0 pins connected to Ve~'Operating" 
current~easured 
with EA connected to Vee and 


RST connected to VSS' "Idle" current is measured with EA connected to Vss, RST connected to Vee and GSC inactive. 
7. The specifications relating to external data memory characteristics are also applicable to DMA operations. 
8. TaVWX should not be confused with TaVWX as specified for 80C51BH. On 80C152, TaVWX is measured from data 
valid to rising edge of WR. On 80C51BH, TaVWX is measured from data valid to falling edge of WR. See timing diagrams. 
9. This value is based on the maximum allowable die temperature and the thermal resistance of the package. 
10. All specifications relating to external program memory characteristics are applicable to: 
EPSEN for PSEN 
Port 5 for Port 0 
Port 6 for Port 2 
when EBEN is at a Logical 1 on the 80C152JB/JD. 


MAX lee (ACTIVE) 
= (2.24 
X FREQ) + 4.16 (Note 6) 
MAX lee (IDLE) 
= (0.8 X FREQ) + 2.2 (Note 6) 


TYPICAL 
Icc 
(ACTIVE) 
(NOTE 
1) 


TYPICAL 
Icc 
IDLE (NOTE 
1) 


Figure 5. lee va Frequency 


I: 
Instruction (program memory contents). 
L: 
Logic level LOW, or ALE. 


P: 
PSEN. 


Q: 
Output data. 


R: 
READ signal. 


T: 
Time. 
V: 
Valid. 
W: 
WRITE signal. 


X: 
No longer a valid logic level. 


Z: 
Float. 


Each timing symbol has 5 characters. The first char- 
acter is always a 'T' (stands for time). The other 
characters, depending on their positions, stand for 
the name of a signal or the logical status of that 
signal. The following is a list of all the characters and 
what they stand for. 


A: 
Address. 
C: 
Clock 


D: 
Input data. 


H: 
Logic level HIGH. 
TAVLL = Time for Address Valid to ALE Low. 
TLLPL = Time for ALE Low to PSEN Low. 


inter 


A.C. CHARACTERISTICS 
(TA = O·C to + 70·C; Vcc = 5V ± 10%; VSS = OV; Load Capacitance 
for 
Port 0, ALE, and PSEN = 100 pF; Load Capacitance 
for All Other Outputs = 80 pF) 


Symbol 
Parameter 
16.5 MHz 
Variable 
Oscillator 
Unit 
Mln 
Max 
Min 
Max 


1/TCLCL 
Oscillator 
Frequency 
3.5 
12 
MHz 
80C152JAI 
JC 
83C152JAI 
JC 
80C152JBI 
JD 


80C152JAI 
JC·1 
3.5 
16.5 
MHz 
83C152JAI 
JC-1 
80C152JB/JD-1 


TLHLL 
ALE Pulse Width 
81 
2TCLCL·40 
ns 


TAVLL 
Address 
Valid to ALE Low 
5 
TCLCL-55 
. 
ns 


TLLAX 
Address 
Hold After ALE Low 
25 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid 
142 
4TCLCL-100 
ns 
Instruction 
In 


TLLPL 
ALE Low to PSEN Low 
20 
TCLCL-40 
ns 


TPLPH 
PSEN Pulse Width 
137 
3TCLCL-45 
ns 


TPLIV 
PSEN Low to Valid 
77 
3TCLCL-105 
ns 
Instruction 
In 


TPXIX 
Input Instruction 
0 
0 
ns 
Hold After PSEN 


TPXIZ 
Input Instruction 
35 
TCLCL·25 
ns 
Float After PSEN 


TAVIV 
Address 
to Valid 
198 
5TCLCL-105 
ns 
Instruction 
In 


TPLAZ 
PSEN Low to Address 
10 
10 
ns 
Float 


TRLRH 
RD Pulse Width 
263 
6TCLCL-100 
ns 


TWLWH 
WR Pulse Width 
263 
6TCLCL·100 
ns 


TRLDV 
RD Low to Valid 
138 
5TCLCL-165 
ns 
Data In 


TRHDX 
Data Hold After RD 
0 
0 
ns 


TRHDZ 
Data Float After RD 
51 
2TCLCL·70 
ns 


TLLDV 
ALE Low to Valid 
335 
8TCLCL-150 
ns 
Data In 


TAVDV 
Address 
to Valid 
380 
9TCLCL-165 
ns 
Data In 


TLLWL 
ALE Low to RD or 
132 
232 
3TCLCL-50 
3TCLCL+50 
ns 
WR Low 


TAVWL 
Address to RD or 
, 


112 
4TCLCL-130 
ns 


WR Low 
TQVWX(8) 
Data Valid to WR 
196 
6TCLCL-167 
ns 
Transition 


TWHQX 
Data Hold After WR 
10 
TCLCL·50 
ns 


TRLAZ 
RD Low to Address 
0 
0 
ns 
Float 


TWHLH 
RD or WR High to 
20 
100 
TCLCL-40 
TCLCL+40 
ns 
ALE High 


'I 
TRLRH 


TAVDV 


P2.0-P2.7 
OR A8-A15 
FROM DPH 


TAVWL 


P2.0-P2.7 
OR AS-A15 
FROM DPH 


Symbol 
Parameter 
Mln 
Max 
Units 


1/TClCl 
Oscillator 
Frequency 
3.5 
16.5 
MHz 


TCHCX 
High Time 
20 
ns 


TClCX 
low 
Time 
20 
ns 


TClCH 
Rise Time 
20 
ns 


TCHCL 
Fall Time 
20 
ns 


inter 


Symbol 
Parameter 
16.5 MHz 
Variable 
Oscillator 
Units 
Min 
Max 
Mln 
Max 


TXLXL 
Serial Port Clock Cycle 
727 
12TCLCL 
ns 
Time 
) 


TQVXH 
Output Data Setup to 
473 
10TCLCL-133 
ns 
Clock Rising Edge 


TXHQX 
Output Data Hold After 
4 
2TCLCL-117 
ns 
Clock Rising Edge 


TXHDX 
Input Data Hold After 
0 
0 
ns 
Clock Rising Edge 


TXHDV 
Clock Rising Edge to 
473 
10TCLCL-133 
ns 
Input Data Valid 


INSTRUCTION I 


ALE 


I 
WRITE TO SBur 


INPUT DATA 


I 
SET RI 
270431-12 


vcc-o.S=x 
>C 
0.2Vcc+O.9 


0.4SV 
__0_._2_VC_c_-_O._l 
_ 


VLOAO+O.l V 
VOH-O.l V 
V 
LOAO 
TIMING REFERENCE< 
--- 
POINTS 
VLOAO-O.l V 
VOL+O.l V 


270431-14 
For Timing Purposes a Port Pin is no Longer Floating when a 
100 mV change from Load Voltage Occurs, and Begins to Float 
when a 100 mV change from the Loaded VOHIVOLLevel occurs 
IOL/IOH ;;, ± 20 mA. 


AC Inputs During Testing are Driven at Vcc-O.S for a Logic "1" 
and O.4SVfor a Logic "0". Timing Measurements are made at VIH 
Min for a Logic "1" and VIL Max for a Logic "0". 


Symbol 
Parameter 
16.5 MHz (BAUD = 0) 
Variable 
Oscillator 
Unit 


Mln 
Max 
Mln 
Max 


HBTJ.R 
Allowable 
jitter on 
0.0375 
(0.125 X 
JLs 


the Receiver 
for % 
(BAUD+1)X 


bit time (Manchester 
BTCLCL) 


encoding 
only) 
-25 
ns 


FBTJR 
Allowable 
jitter on 
0.10 
(0.25 X 
JLs 


the Receiver for one 
(BAUD+ 
1)X 


full bit time (NRZI 
BTCLCL) 


and Manchester) 
-25 
ns 


HBTJT 
Jitter of data from 
±10 
±10 
ns 


Transmitter 
for % 
bit time (Manchester 
encoding 
only) 


FBTJT 
Jitter of data from 
±10 
±10 
ns 


Transmitter 
for one 
full bit time (NRZI 
and Manchester) 


DRTR 
Data rise time for 
20 
20 
ns 


Receiver(11 ) 


DFTR 
Data fall time for 
20 
20 
ns 


Receiver(12) 


NOTES: 
11. Same 
as TCLCH, 
use External 
Clock 
Drive Waveform. 


12. Same as TCHCL, 
use External 
Clock 
Drive Waveform. 


r-- 
I 


t.4ANCHESTER =::l 


I 
I 


NRZI =::l 
I 


gXg 
,-"',-... 
HBTJR 


I 
I 


~GRXD 


I 
I 


inter 


II 
BT 
II 
I 
I 
I 
t.4ANCHESTER=::x: 
~*~ 
~. 
X 
.~ 
X:=:GTXD 


I 
'--'--I 
I 
, 
.. :. 
I 


I 
HBTJT 
I 
FBTJT 
I 
NRZ1=::X: 
~ 
~ 
.~ 
X:=:GTXD 


I 


" 
'II 
I 
FBTJT 
270431-16 


Symbol 
Parameter 
16.5 MHz 
Variable 
Oscillator 
Unit 
Mln 
Max 
Mln 
Max 


1/ECBT 
GSC Frequency 
with an 
0.009 
2.4 
0.009 
FOSC x 0.145 
MHz 
External Clock 


ECH 
External Clock High 
170 
2TCLCL 
ns 
+ 45 ns 


ECU13) 
External Clock Low 
170 
2TCLCL 
ns 
+ 45 ns 


ECRT 
External Clock Rise 
20 
20 
ns 
Time(11) 


ECFT 
External Clock Fall 
20 
20 
ns 
Time(12) 


ECDVT 
External Clock to Data 
ns 
Valid Out - Transmit 
150 
150 
(to External Clock 
Negative 
Edge) 


ECDHT 
External Clock Data 
ns 
Hold - Transmit 
0 
0 
(to External Clock 
Negative 
Edge) 


ECDSR 
External Clock Data 
45 
45 
ns 
Set-up - Receiver 
(to External Clock 
Positive Edge) 


ECDHR 
External Clock to Data 
50 
50 
ns 
Hold - Receiver 
(to External Clock 
Positive Edge) 


NOTE: 
13. When using the same ex1ernal clock to drive both the receiver and transmitter, the minimum ECl spec effectively 
becomes 195 ns at all frequencies (assuming 0 ns propagation delay) because ECDVT (150 ns) plus ECDSR (45 ns) re- 
quirements must also be met (150 + 45 = 195 ns). The 195 ns requirement would also increase to include the maximum 
propagation delay between receivers and transmitters. 


1 
1 
~I 
:;.'-----\'1 
/ 
~ 
EXTERNALCLOCK 
\ 
" 
,," 
"--- 


I+--ECL-----: 
:-- 
ECH----: 
"'1----- 
1 


___ 
1_ 
...., ,_:--_EC_D_VT 
••I 
_ 


TRANSMIT DATA 
: X 
:X 


ECOHT 
~ 
~-------------- 


-I'----ECBT 
'I 


1 


~I 
/.' 
V 
/ 
EXTERNAL CLOCK 
\ .•• 
: 
'".••• 
_ 


1 
I 
L- 


1 
I 


RECEIVE DATA 
X..., 
~..._-------------- 


Within the 8XC152 
there exists a race condition 
that may set both the RON and AE bits at the end of a valid 
reception. 
This will not cause a problem 
in the application 
as long as the following 
steps are followed: 


-Never 
give the receive 
error interrupt 
a higher priority than the valid reception 
interrupt 


-Do 
not leave the valid reception 
interrupt 
service 
routine when AE is set by using a RETI instruction 
until AE 
is cleared. 
To clear AE set the GREN bit, this enables 
the receiver. 
If the user desires that the receiver 
remain 
disabled, 
clear GREN after setting 
it before 
leaving the interrupt 
service 
routine. 


-If 
the AE bit is checked 
by user software 
in response 
to a valid reception 
interrupt, 
the status of AE should 
be considered 
invalid. 


The race condition 
is dependent 
upon both the temperature 
that the device 
is currently 
operating 
at and the 


processing 
the device 
received 
during the wafer fabrication. 


The 
following 
represents 
the 
key 
differences 
between 
this 
datasheet 
and 
the 
"-001" 
version 
of 
the 
80C152/83C152 
data sheet. 
Please review this summary 
carefully. 


1. Status 
of data sheet changed 
from "ADVANCED" 
to "PRELIMINARY". 


2. 80C152JC, 
83C152JC, 
and 80C152JD 
were added. 


3. Added 
AE/RDN 
design 
note. 


4. This revision 
summary 
was added. 


5. Note 
# 13 was added 
(Effective 
ECl 
spec at higher clock 
rates). 


6. Table 
#2 changed 
to Table 
#3 
(Status 
of pins during Idle/Power 
Down). 


7. Current 
Table 
#2 was added 
(JA vs. JB vs. JC vs. JD matrix). 


8. Transmit 
jitter spec changed 
from ± 35 ns and ± 70 ns to ± 10 ns. 


inter 
8XC152JA/JB/JC/JD 
UNIVERSAL COMMUNICATION 
CONTROLLER 


8-BIT MICROCOMPUTER 
EXPRESS 


• 
Extended 
Temperature 
Range 


• 
Burn-In 


The Intel EXPRESS 
system 
offers 
enhancements 
to the operational 
specifications 
of the 8XC152 
microcon- 
troller. 
These 
EXPRESS 
products 
are designed 
to meet the 
needs 
of those 
applications 
whose 
operating 


requirements 
exceed 
commercial 
standards. 


The EXPRESS 
program 
includes 
the commercial 
standard 
temperature 
range with burn-in and an extended 
temperature 
range. 


With the commercial 
standard 
temperature 
range, operational 
characteristics 
are guaranteed 
over the temper- 


ature 
range 
of O·C to + 70·C. With the extended 
temperature 
range option, 
operational 
characteristics 
are 


guaranteed 
over the range of - 40·C to + 85·C. 


The optional 
burn-in is dynamic 
for a minimum time of 160 hours at 125·C with Vcc = 6.9V ± 0.25V, following 


guidelines 
in MIL-STD-883, 
Method 
1015. 


Package 
types and EXPRESS 
versions 
are identified 
by a one- or two-letter 
prefix to the part number. 
The 


prefixes 
are listed in Table 
1. 


For the extended 
temperature 
range option, this data sheet specifies 
the parameters 
which deviate 
from their 
commercial 
temperature 
range 
limits. The commercial 
temperature 
range data sheets 
are applicable 
for all 


parameters 
not listed here. 


Electrical Deviations 
from Commercial 
Specifications 
for Extended 
Temperature 
Range 


D.C. and A.C. parameters 
not included 
here 
are the same 
as in the 
commercial 
temperature 
range 
data 


sheets. 
Maximum 
oscillator 
frequency 
for express 
products 
is 12 MHz. 


Limits 
Test 
Symbol 
Parameter 
Unit 
Conditions 
Mln 
Max 


Vil 
Input Low Voltage 
(Except EA, EBEN) 
-0.5 
0.2Vcc 
- 
0.15 
V 


Vll1 
EA, EBEN 
-0.5 
0.2Vcc 
- 
0.35 
V 


VIH 
Input High Voltage 
(Except XTAL 1, RST) 
0.2Vcc + 1.0 
Vcc + 0.5 
V 


VIH1 
Input High Voltage to XTAL 1, RST 
0.7Vcc + 0.1 
Vcc + 0.5 
V 


III 
Logical 0 Input Current (Port 1,2,3,4,5, 
6) 
-75 
JAoA 
Vin = 0.45V 


ITl 
Logical 1 to 0 transition 
-750 
JAoA 
Vin = 2.0V 


Current (Ports 1, 2, 3, 4, 5, 6) 


Prefix 
Package 
Type 
Temperature 
Range 
Burn-In 


P 
Plastic 
Commercial 
No 


C 
Ceramic 
. 


Commercial 
No 


N 
PLCC 
Commercial 
No 


LP 
Plastic 
Extended 
Yes 


LC 
Ceramic 
Extended 
Yes 


LN 
PLCC 
Extended 
Yes 


NOTE: 
• Commercial temperature range is O·Cto lO·C. Extended temperature range is -40·C to +8S·C. 
• Burn-in is dynamic for a minimum time of 160 hours at 12S·C,Vcc = 6.9V ±0.2SV, following guidelines in Mll-STD-883 
Method 101S (Test Condition Dj. 


Examples: 


P80C152JA 
indicates 
80C152JA 
in a plastic package 
and specified 
for commercial 
temperature 
range, without 


burn-in. 
LC83C152JA 
indicates 
83C152JA 
in a ceramic 
package 
and specified 
for extended 
temperature 
range with 


burn-in. 


The following 
represents 
the key differences 
between 
this datasheet 
and the "·001" 
version 
of the express 


80C152/83C152 
datasheet. 
Please review this summary 
carefully. 


1. Status of datasheet 
changed 
from "ADVANCED" 
to "PRELIMINARY". 


2. 80C152JC, 
83C152JC, 
and 80C152JD 
were added. 


3. This revision 
summary 
was added. 
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HARDWARE 
DESCRIPTION 
OF THE 8XC451 


The 8XC45 I is an expanded I/O, 8-bit control-oriented 
microcontroller based on the MCSiI!>-51architecture. 
The 8XC451 contains all of the features of the 8OC51 
with three extra I/O ports, one of which is a bi-direc- 
tional bus-type port with I/O strobes and flags. The 
8XC451 features include: 


• One Extra Strobed Bus Port 


• Two Extra I/O Ports 
• 56 Programmable I/O Lines 
• 4 Kbytes Mask-Programmable ROM 


• 
128 x 8-Bit RAM 
• Full Duplex Serial Channel 
• 64K Program Memory Space 
• 64K Data Memory Space 
• Power Control Modes 
• Boolean Processor 


The 8XC45 I uses the standard 8051 instruction set and 
is compatible with the existing MCS-51 family of prod- 
ucts. The 83C451 is the factory masked ROM device; 
the 8OC451 is the ROMless device; and the 87C45l is 
the EPROM device. It is assumed that the reader is 
familiar with the 8051 architecture. For more detailed 
information on the 8051, consult the "Architectural 
Overview Chapter" and the "Hardware Description of 
the 8051, 8052, and 8OC51" chapter in the Embedded 
Controller Handbook 


This port is an 8-bit bidirectional I/O port with internal 
pullups similar to Port L Port 4 has SFR address COH 
assigned. Port 4 is bit addressable and is functionally 
identical to Port 1. 


This port is an 8-bit bidirectional I/O port with internal 
pullups similar to Port 1. Port 5 has SFR address C8H 
assigned. Port 5 is bit addressable and is functionally 
identical to Port 1. 


Port5 Data 
Address = OC8H Reset Value = 11111111B 
12-1 


Port 6 is a special 8-bit bidirectional I/O 
port with 


internal pullups. This port can be used as a standard 
I/O port, or in strobed modes of operation in conjunc- 
tion with four newly added special control lines: ODS, 
IDS, AFLAG, and BFLAG (see Figure 1). Port 6 oper- 
ating modes are controlled by the port 6 control status 
register (CSR). Port 6 and the CSR are addressed at the 
special function register addresses shown in Table 1. 
The following four control pins are used in conjunction 
with port 6. 


ODS: Handshake input for port 6 strobed output data. 
ODS can be programmed to control the port 6 output 
drivers and the output buffer full flag (OBF), or to clear 
only the OBF flag bit in the CSR (output-always 
mode). ODS is active low for output driver control. The 
OBF flag can be programmed to be cleared on the neg- 
ative or positive edge of ODS. 


IDS: Handshake input for port 6 strobed input data. 
IDS is used to control the port 6 input latch and input 
buffer full flag (IBF) bit in the CSR. The input data 
latch can be programmed to be transparent when the 
IDS is low and latched on the positive transition of 
IDS, or to latch only on the positive transition of IDS. 
Correspondingly, the IBF flag is set on the negative or 
positive transition of IDS. 


AFLAG: A bidirectional I/O pin. AFLAG can be pro- 
grammed to be an output, set high or low under pro- 
gram control, or to output the state of the output buffer 
full flag. AFLAG can also be programmed to be an 
input which selects whether the contents of the output 
buffer, or the contents of the port 6 control status regis- 
ter will be output on port 6. This feature grants com- 
plete port 6 status to external devices. 


BFLAQ: A bidirectionalI/O 
pin. BFLAG can be pro- 


grammed to be an output, set high or low under pro- 
gram control, or to output the state of the input buffer 
full flag. BFLAG can also be programmed to input an 
enable signal for port 6. When BFLAG is used as an 
enable input, port 6 output drivers are in the high im- 
pedance state, and the input latch does not respond to 
the IDS strobe when BFLAG is high. Both features are 
enabled when BFLAG is low. This feature facilitates 
the use of the 8XC451 in bussed multiprocessor sys- 
tems. 


PORT 6 CONTROL 
STATUS 
REGISTER 


positive or negative edge of ODS, as determined by 
CSR.3. 


The control status register (CSR) establishes the mode 
of operation for port 6 and indicates the current status 
of the Port 6 I/O registers. All control status register 
bits can be read and written by the CPU, except bits 0 
and I, which are read only. Reset writes ones to bits 2 
through 7, and writes zeros to bits 0 and 1. 


CSR.2-IOS 
Mode Select (IOSM) 


When CSR.2 = 0, a low-to-high transition on the IDS 
pin sets the IBF flag. The Port 6 input buffer is loaded 
on the IDS positive ed~When 
CSR.2 = I, a high-to- 


low transition on the IDS pin sets the IBF flag. The 
Port 6 input buffer is transparent when IDS is low, and 
latched when IDS is high. 


The IBF bit is set to a logic 1 when Port 6 data is 
loaded into the input buffer under control of IDS. This 
can occur on the negative or positive edge of IDS, as 
determined by CSR.2. IBF is cleared when the CPU 
reads the input buffer register. 


CSR.3-0utput 
Buffer Full Flag Clear Mode 
(OBFC) 


When CSR.3 = I, the positive edge of the ODS input 
clears the OBF flag. When CSR.3 = 0, the negative 
edge of the ODS input clears the OBF flag. 


CSR.1-output 
Buffer Full Flag (OBF) (Read 
Only) 


The OBF flag is set to a logic 1 when the CPU writes to 
the Port 6 output data buffer. OBF is cleared by the 


PO.7/A07 


PO.6/AD6 


PO.5/AD5 


PO.<4/AD<4 


PO.3/AD3 


PO.2/AD2 


PO.I/AD1 


PO.O/ADO 
vcc 
P<4.7 


P<4.6 


P<4.5 


P<4.<4 


P<4.3 


P<4.2 


P<4.1 


N.O 


P6.1 


P6.0 


AfLAG 


BfLAG 


IDS 


ODS 


Vss 


XTAL1 


XTAL2 


P5.7 


P5.6 


P5.5 


P5.<4 


P5.3 


P5.2 


P5.1 


P5.0 
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Symbol 
Position 
Function 


MB1, MBO 
CSR.7,6 
BFLAG Mode Select: 0,0 = Logic 0 Out; 
0,1 = Logic 1 Out' 
1,0 = IBF Output; 
1,1 = PE Input 
BFLAG: 0 = Select; 
1 = Disable I/O 


MA1, MAO 
CSR.5,4 
AFLAG 
Mode Select: 0,0 = Logic 0 Out; 
0,1 = Logic 1 Out 
1,0 = OBF Output"; 
1,1 = SEL Input 
Status 
AFLAG: 0 = Data; 
1 = Control/ 


OBFC 
CSR.3 
Output Buffer Flag Clear Mode: 0 = Negative 
Edge of ODS 
1 = Positive Edge of ODS 


IDSM 
CSR.2 
Input Data Strobe Mode: 0 = Positive Edge of IDS 
1 = Low Level of IDS 


OBF 
CSR.1 
Output Buffer Full Flag: 0 = Output Data Buffer Empty 
1 = Output Data Buffer Full 


IBF 
CSR.O 
Input Buffer Full Flag: 0 = Input Data Buffer Empty 


. 1 = Input Data Buffer Full 


"NOTE 
Output-always 
mode: MB1 = 0, MAl = 1, and MAO= O. In this mode, Port 6 is always enabled for output. ODS only clears 
the OBF flag. 


Bits 
4 and 
5 select 
the 
mode 
of operation 
AFLAG 
pin, as follows: 
MA1 
MAO 
o 
0 
o 
1 
1 
0 
1 
1 


AFLAG Function 
Logic 0 Output 
Logic 1 Output 
OBF Flag Output (CSR.1) 
Select (SEL) Input Mode 


The 
select 
(SEL) 
input 
mode 
is used 
to 
determine 
whether 
the Port 
6 data 
register 
or the control 
status 
register 
is output 
on Port 
6. When 
the select feature 
i~ 
enablj:d, 
the AFLAG 
input 
controls 
the source 
of Port 
6 output 
data. 
A logic 0 on AFLAG 
input 
selects 
the 
Port 
6 data 
register, 
and 
a logic 
1 on AFLAG 
input 
selects the control 
status 
register. 


Bits 
6 and 
7 select 
the 
mode 
of operation 
for 
the 
BFLAG 
pin, as follows: 


MB1 
o 
o 
1 
1 


MBO 
o 
1 
o 
1 


BFLAG Function 
Logic 0 Output 
Logic 1 Output 
IBF Flag Output (CSR.O) 
Port Enable (PE) 


In the port enable 
mode, 
IDS and ODS inputs 
are dis- 
abled 
when 
BFLAG 
input 
is high. 
When 
the BFLAG 
input 
is low, the port is enabled 
for I/O. 


Port 6 Control Status Address = OE6H 
Reset Value = 11111100B Bit Addressable 


Upon 
reset, 
Port 
6 is configured 
in the bus 
interface 
input mode to prevent 
disruption 
of data on the bus of a 
host processor. 
It can also be conf~ed 
as a standard 
I/O 
port by tying the control 
pins IDS, ODS, AFLAG 
and BFLAG 
to Vss before reset. AFLAG 
and BFLAG 
can be used as simple outputs 
in the standard 
I/O 
port 
mode by t~ 
only IDS and ODS to Vss. Grounding 
IDS 
and 
ODS 
prevents 
any 
edges 
from 
occuring 
on 
these 
signals 
thereby 
preventing 
automatic 
data 
trans- 
fers and setting 
and resetting 
of flags. 


A map of the Special Function 
Register 
(SFR) 
space is 
shown 
in Table 
1.. 


Note 
that not all of the addresses 
are occupied. 
Unoc- 
cupied 
addresses 
are 
not 
implemented 
on 
the 
chip. 


Read 
accesses 
to these addresses 
will in general 
return 
random 
data, 
and write accesses 
will have no effect. 


User 
software 
should 
not 
write 
l's 
to these 
unimple- 
mented 
locations, 
since they may be used in future 
8051 
products 
to invoke 
new features. 
In that 
case the reset 
or inactive 
values of the new bits will always be 0, and 
their active 
values 
will be I. 


intJ 


·B 
00000000 


P6CSR 
11111100 


·ACC 
00000000 


P6 Data 
11111111 


•PSW 
00000000 


P5 
11111111 


P4 
11111111 
.,p 


XXXOOOOO 


·P3 
11111111 
·IE 
OXXOOOOO 


•P2 
11111111 


·SCON 
•SBUF 
00000000 
XXXXXXXX 


•P1 
'. 


11111111 


•TCON 
·TMOD 
•TLO 
•TL1 
•THO 
•TH1 
00000000 
00000000 
00000000 00000000 00000000 00000000 
•PO 
•SP 
•DPL 
•DPH 
•PCON·· 
11111111 
00000111 
00000000 00000000 
OOXXOOOO 


NOTES: 
• = Found 
in the 8051 core (See 8051 
Hardware 
Description 
for explanations 
of these 
SFRs) 
•• = See description 
of PCON SFR. Bit PCON.4 
is not affected 
by reset. 


X = Undefined 


\';MMU~~IN\:iLt:.-\';MI'"U-tsll \,;..,u 
WITH RAM AND EXPANDED I/O 


83C451 /83C451-1 /83C451-2 
CHMOS SINGLE-CHIP 8-BIT CPU WITH 4K BYTES 
FACTORYMAS~PROGRAMMABLEROM 


8XC451 
- 
3.5 to 12 MHz, VCC = 5V ± 20% 
8XC451·1- 
3.5 to 16 MHz, VCC = 5V ±20% 
8XC451·2 
- 
0.5 to 12 MHz, VCC = 5V ± 20% 


_ 
Idle and Power 
Down Modes 
_ 
High Performance 
CHMOS 
Process 


_ 
128 x 8-Bit RAM 
_ 
Boolean 
Processor 


_ 
56 Programmable 
I/O 
Lines 
_ 
5 Interrupt 
Sources 


_ 
One Extra Strobed 
Bus Port 
_ 
Two Extra Standard 
Ports 


_ 
Two 
16·Bit Timer/Counters 
_ 
Full Duplex Serial Channel 


_ 
64K Program 
Memory 
Space 
_ 
64K Data Memory 
Space 


_ 
TTL· and CMOS·Compatible 
Logic 
_ 
68·Pin PLCC Package 


The 8051 family of CHMOS products 
are fabricated 
on Intel's CHMOS 
III process 
and are functionally 
compati- 
ble with the standard 
8051 family of HMOS and EPROM products. 
CHMOS 
III is a technology 
which combines 
the high speed and density characteristics 
of HMOS with the low power attributes 
of CMOS. This combination 
expands 
the effectiveness 
of the powerful 
8051 architecture 
and instruction 
set. 


The 80C451/83C451 
are similar to the 80C51 
in features 
with three 
additional 
I/O 
ports, one of which 
is a 


special 
strobed 
port. The 83C451 
contains 
4K bytes of ROM. Both devices 
contain 
128 bytes of RAM; 56 I/O 


lines; two 
16-bit timer/counters; 
a five source 
two-level 
interrupt 
structure; 
a full-duplex 
serial port; on-chip 


oscillator 
and clock circuitry; and two software 
selectable 
modes of reduced 
activity for further power reduction 
- 
Idle and Power Down. 


The extremely 
low operating 
power, 
along with the two reduced 
power 
modes, 
Idle and Power 
Down, 
make 


this part very suitable 
for low power 
applications. 
The Idle mode freezes 
the CPU while 
allowing 
the RAM, 
timer/counters, 
serial port, and interrupt 
system 
to continue 
functioning. 
The Power 
Down 
mode 
saves 
the 
RAM contents 
but freezes 
the oscillator, 
causing 
all other chip functions 
to be inoperative. 


_. 
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Part 
Prefix 
Package 
Type 


83C451 
N 
68 Pin PLCC 
80C451 


PO.7/AD7 


PO.6/AD6 


PO.5/AD5 


P0.4/AD4 


PO.3/AD3 


PO.2/AD2 


PO.l/ADl 


PO.O/ADO 
vcc 
P4.7 


P4.6 


P4.5 


P4.4 


P4.3 


P4.2 


P4.1 


P4.0 


80C451 


83C451 


P6.1 


P6.0 


AFLAG 


BFLAG 


IDS 


ODS 
vss 
XTALI 


XTAL2 


P5.7 


P5.6 


P5.5 


P5.4 


P5.3 


P5.2 


P5.1 


P5.0 


Figure 2. Pin Connections 
(PLCC) 


nal pullups when emitting 
1s. Port 0 also outputs 
the 
code 
bytes 
during 
program 
verification 
in 
the 
83C451. 
External 
pull ups are 
required 
during 
pro- 
gram verification. 
Vcc: 
Supply voltage 
during normal, 
Idle, and Power 
Down operations. 


Port 0: Port 0 is an 8-bit open drain bidirectional 
I/O 
port. Port 0 pins that have 1s written 
to them float, 
and 
in that 
state 
can 
be used 
as high-impedance 
inputs. 


Port 0 is also the multiplexed 
low-order 
address 
and 
data bus during 
accesses 
to external 
Program 
and 
Data Memory. 
In this application 
it uses strong inter- 


Port 
1: Port 1 is an 8-bit bidirectional 
I/O 
port with 
internal 
pullups. 
Port 1 pins that have 
1s written 
to 
them are pulled 
high by the internal 
pullups, 
and in 
that state can be used as inputs. 
As inputs, 
Port 1 


pins that are externally 
being pulled 
low will source 


current 
(IlL, on the data sheet) because 
of the inter- 
nal pull ups. 


Port 
1 also 
receives 
the 
low-order 
address 
bytes 
during program 
verification. 


inter 
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Port 2: Port 2 is an 8-bit bidirectional I/O port with 
internal pullups. Port 2 pins that have 1s written to 
them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port 2 
pins that are externally being pulled low will source 
current (IlL, on the data sheet) because of the inter- 
nal pullups. 


Port 2 emits the high-order address byte during 
fetches from external Program Memory and during 
accesses to external Data Memory that use 16-bit 
addresses (MOVX@DPTR). In this application it 
uses strong internal pullups when emitting 1s. 


During accesses to external Data Memory that use 
8-bit addresses (MOVX@Ri),Port 2 emits the con- 
tents of the P2 Special Function Register. 


Port 2 also receives some control signals and the 
high-order address bits during program verification. 


Port 3: Port 3 is an 8-bit bidirectional I/O port with 
internal pullups. Port 3 pins that have 1s written to 
them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port 3 
pins that are externally being pulled low will source 
current (IlL, on the data sheet) because of the pull- 
ups. 


Port 3 also serves the functions of various special 
features of the 8051 Family, as listed below: 


Pin 
Name 
Alternate Function 


P3.0 
RXD 
Serial input line 
P3.1 
TXD 
Serial output line 
P3.2 
INTO 
External interrupt 0 
P3.3 
INT1 
External interrupt 1 
P3.4 
TO 
Timer 0 external input 
P3.5 
T1 
Timer 1 external input 
P3.6 
WR 
External Data Memory write strobe 
P3.7 
RD 
External Data Memory read strobe 


Port 4: Port 4 is an 8-bit bidirectional I/O port with 
internal pullups. Port 4 pins that have 1s written to 
them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port 4 
pins that are externally being pulled low will source 
current (IlL, on the data sheet) because of the inter- 
nal pullups. 


Port 5: Port 5 is an 8-bit bidirectional I/O port with 
internal pullups. Port 5 pins that have 1s written to 
them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port 5 


pins that are externally being pulled low will source 
current (IlL, on the data sheet) because of the inter- 
nal pullups. 


Port 6: Port 6 is a special 8-bit bidirectional I/O port 
with internal pullups. This port can be used as a 
standard I/O port, or in strobed modes of operation 
in conjunction with the following four special control 
lines. 


Port 6 Control Lines 
ODS: 
Output data strobe 
IDS: 
Input data strobe 
AFLAG: 
A bidirectional I/O pin 
with internal pullups 
BFLAG: 
A bidirectional I/O pin 
with internal pullups 


RST: Reset input. A logic high on this pin for two 
machine cycles while the oscillator is running resets 
the device. An internal pulldown resistor permits a 
power-on reset to be generated using only an exter- 
nal capacitor to Vee. 


ALE: Address Latch Enable output signal for latch- 
ing the low byte of the address during accesses to 
external memory. 


In normal operation ALE is emitted at a constant 
rate of 1/6 the oscillator frequency, and may be 
used for external timing or clocking purposes. Note, 
however, that one ALE pulse is skipped during each 
access to external Data Memory. 


PSEN: Program Store Enable is the Read strobe to 
External Program Memory. When the 83C451 is exe- 
cuting from Internal Program Memory, PSEN is inac- 
tive (high). When the device is executing code from 
External Program Memory, PSEN is activated twice 
each machine cycle, except that two PSEN activa- 
tions are skipped during each access to External 
Data Memory. 


EA: External Access enable. EA must be strapped to 
Vss in order to enable the 8XC451 to fetch code 
from External Program Memory locations OOOOHto 
OFFFH. 


EA must be strapped to Vee for Internal "Program 
execution. 


XTAL 1: Input to the inverting oscillator amplifier and 
input to the internal clock generating circuits. 


XTAL2: Output from the inverting oscillator amplifi- 
er. 


8XC451/8XC451.1/8XC451.2 
~@W~OO©~ 
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XTAL1 and XTAL2 are the input and output, respec- 
tively, of an inverting amplifier which can be config- 
ured for use as an on-chip oscillator, as shown in 
Figure 3. 


To drive the device from an external clock source, 
XTAL1 should be driven, while XTAL2 is left uncon- 
nected, as shown in Figure 4. There are no require- 
ments on the duty cycle of the external clock signal, 
since the input to the internal clocking circuitry is 
through a divide-by-two flip-flop, but minimum and 
maximum high and low times specified on the Data 
Sheet must be observed. 


EXTERNAL 
OSCILLATOR 
XTAL 1 
SIGNAL 


In Idle Mode, the CPU puts itself to sleep while all 
the on-chip peripherals remain active. The mode is 
invoked by software. The content of the on-chip 
RAM and all the Special Function Registers remain 
unchanged durin;) this mode. The Idle Mode can be 
terminated by any enabled interrupt or by a hard- 
ware reset. 


It should be noted that when Idle is terminated by a 
hardware reset, the device normally resumes pro- 
gram execution, from where it left off, up to two ma- 
chine cycles before the internal reset algorithm 
takes control. On-Chip hardware inhibits access to 
internal RAM in this event, but access to the port 
pins is not inhibited. To eliminate the possibility of an 
unexpected write to a port pin when Idle is terminat· 
ed by reset, the instruction following the one that 
invokes Idle should not be one that writes to a port 
pin or to external memory. 


In Power Down Mode, the oscillator is stopped and 
all on-chip functions cease except that the on-chip 
RAM content is maintained. The mode is invoked by 
software. The Power Down Mode can be terminated 
only by a hardware reset. 
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Mode 
Program 
ALE 
PSEN 
Port 0 
Port 2 
Ports 1,3,4,5,6 
Memory 


Idle 
Internal 
1 
1 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Address 
Data 


Power Down 
Internal 
0 
0 
Data 
Data 
Data 


Power Down 
External 
0 
0 
Float 
Data 
Data 


BFLAG &: ODS 
MODE 
(CSR.6&:.7) 


INPUT 
BUFFER 
FULL 
(CSR.O) 


AFLAG 
MODE 
(CSR.4&:.5 ) 


OUTPUT 
BUFFER 
FULL 
(CSR.l) 


IDS 
MODE 


EDGE/LEVEL 
SELECT (CSR.2) 
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Ambient 
Temperature 
Under Bias .... 
O·G to + 70·G 


Storage Temperature 
- 65·G to + 150·G 


Voltage 
on Any Pin to Vss 
-O.5V 
to Vcc + O.5V 


Voltage 
on Vcc to Vss 
- O.5V to + 6.5V 


Maximum 
IOL per I/O Pin 
15 mA 


Power Dissipation 
1.0W 


This 
value 
is based 
on the 
maximum 
allowable 
die temperature 
and 


the thermal 
resistance 
01 the package. 


•Notice: Stresses above those listed under ':4bso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE- Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Limits 
Unit 
Test CondItions 


Mln 
Max 


VIL 
Input Low Voltage, 
except 
EA 
-0.5 
0.2Vcc 
- 
0.1 
V 


VILl 
Input Low Voltage, 
EA 
-0.5 
0.2Vcc 
- 
0.3 
V 


VIH 
Input High Voltage 
0.2Vcc 
+ 0.9 
Vcc + 0.5 
V 


(except 
XTAL 1, RST) 


VIHl 
Input High Voltage 
0.7Vcc 
Vcc + 0.5 
V 


(XTAL1, 
RST) 


VOL 
Output 
Low Voltage 
0.3 
V 
IOL = 100 ",A(1) 


(Ports 1,2,3,4,5,6, 
AFLAG, 
BFLAG) 
0,45 
V 
IOL = 1.6 mA (1) 


1.0 
V 
IOL = 3.5 mA(1,4) 


VOL1 
Output 
Low Voltage 
0.3 
V 
IOL = 200 ",A(l) 


(Port 0, ALE, PSEN) 
0.45 
V 
IOL = 3.2 mA(1) 


1.0 
V 
IOL = 7 mA(l,4) 


VOH 
Output 
High Voltage 
Vcc 
- 
0.3 
V 
IOH = -10 
",A 


(Port 1,2,3,4,5,6, 
AFLAG, 
BFLAG) 
Vcc 
- 
0.7 
V 
IOH = -30 
",A 


Vcc-1.5 
V 
IOH = -60 
",A 


VOHl 
Output 
High Voltage 
(Port 0 
Vcc 
- 
0.3 
V 
IOH = -200 
",A 


in ext bus mode, ALE, PSEN) 
Vcc 
- 
0.7 
V 
IOH = - 3.2 mA(4) 


Vcc 
- 
1.5 
V 
IOH = -6.5 
mA(4) 


IlL 
Logical 0 Input Current 
(Ports 
-50 
",A 
VIN = 0,45V 


1,2,3,4,5,6, 
AFLAG, 
BFLAG) 


ITL 
Logical 
1 to 0 Transition 
-650 
",A 
VIN = 2V 
(Ports 1,2,3,4,5,6, 
AFLAG, 
BFLAG) 


Symbol 
Limits 
Unit 
Test Conditions 
Parameter 
Mln 
Typ 
Max 


III 
Input Leakage 
Current 
±10 
J.LA 
o < VIN < Vee 
-0.3V 


(Port 0, EA. TDS, ODS) 


RRST 
Reset Pulldown 
Resistor 
50 
150 
kO 


cia 
Pin Capacitance 
10 
pF 
Test Freq = 1 MHz 


TA = 25'C 


Ice 
Power Supply Current 


Active 
Mode. 12 MHz(4) 
11 
22 
mA 


Idle Mode, 12 MHz(4) 
1.7 
5 
mA 
(Note 3) 


Power Down Mode 
5 
50 
J.LA 


NOTES: 
1. Capacitive 
loading 
on Ports 0 and 2 may cause 
spurious 
noise pulses 
to be superimposed 
on the VQLS of ALE and Ports 


1 and 3. The noise is due to external 
bus capacitance 
discharging 
into the Port 0 and Port 2 pins when 
these 
pins make 
1- 


to-O transitions 
during 
bus operations. 
In the worst 
case (capacitive 
loading> 
100 pF), the noise pulse on the ALE line may 


exceed o.av. In such cases 
it may be desirable 
to qualify ALE with a Schmitt 
Trigger, 
or use an address 
latch with a Schmitt 


Trigger 
STROBE 
input. 


2. Capacitive 
loading 
on 
Ports 
0 and 
2 may cause 
the 
VOH on ALE 
and 
PSEN 
to momentarily 
fall 
below 
the 
0.9 
Vee 


specification 
when 
the address 
bits are stabilizing. 


3. See Figures 
6 through 
9 for Ice test conditions. 


4. Care should 
be taken 
to assure 
that the total power 
dissipation 
is held within 
the package 
limits. 
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XTAl2 
XTAL1 
Vss 


Ice 
MAX at other 
frequencies 
is given 
by: 


Active 
Mode 
Ice 
MAX = 1.6 x FREQ + 2.6 
Idle Mode 
Ice MAX = 0.36 x FREQ + 1.2 
Where 
FREQ 
is in MHz, Ice 
MAX is given 
in mA. 


Figure 8. Ice Test Condition, 
Idle Mode. 
All other pins are disconnected. 


Figure 6. Ice vs Frequency. 
Valid only within frequency 
specifications 
of the device under test. 


Vee 


lice 
, 
vee 
Vee 


PO 


RST 
EA 


XTAl2 
XTAL1 
vss 


XTAl2 
XTAL1 
vss 


Figure 10. Ice Test Condition, 


Power Down Mode. 
All other pins are disconnected. 


Figure 7. Ice Test Condition, 
Active Mode. 
All other pins are disconnected. 


Vee-0.5 _•••••• 
0.7 Vee 
0.45V 
0.2 Vee-O.l 
TCHCl 


TCHCX 


TClCX 
TClCH 
TClCl 


8XC451/8XC451.1/8XC451-2 
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Explanation 
of the AC Symbols 


Each timing symbol 
has 5 characters. 
The first char- 
acter 
is always 
a ''T'' 
(stands 
for time). 
The 
other 
characters, 
depending 
on their positions, 
stand 
for 
the 
name 
of a signal 
or the 
logical 
status 
of that 
signal. The following 
is a list of all the characters 
and 
what they stand for. 


A: Address 
C: Clock 
0: Input data 
H: Logic level HIGH 
I: 
Instruction 
(program 
memory 
contents) 
L: 
Logic level LOW, or ALE 


P: PSEN 
Q: Output 
data 
R: AD signal 
T: Time 
V: Valid 
W: WA signal 
X: 
No longer a valid logic level 
Z: 
Float 


TAVLL = Time for Address 
Valid to ALE Low. 


TLLPL = Time for ALE Low to PSEN Low. 


A.C. CHARACTERISTICS 
TA = O°C to + 70°C, Vcc = 5V ±20%, 
Vss = OV, load capacitance 
for Port 0, ALE, and PSEN = 100 pF, 
load capacitance 
for all other outputs 
= 80 pF. 


Symbol 
Parameter 
12 MHzOse 
Variable 
Ose 
Unit 
Mln 
Max 
Min 
Max 


1/TCLCL 
Oscillator 
Freq. 
8XC451 
3.5 
12 
MHz 
8XC451-1 
3.5 
16 
8XC451-2 
0.5 
12 


TLHLL 
ALE Pulse Width 
127 
2TCLCL 
- 
40 
ns 


TAVLL 
Address 
Valid to ALE Low 
43 
TCLCL 
- 
40 
ns 


TLLAX 
Address 
Hold after ALE Low 
48 
TCLCL 
- 
35 
ns 


TLLlV 
ALE Low to Valid Instr In 
234 
4TCLCL 
- 
100 
ns 


TLLPL 
ALE Low to PSEN Low 
43 
TCLCL 
- 
40 
ns 


TPLPH 
PSEN Pulse Width 
205 
3TCLCL 
- 
45 
ns 


TPLIV 
PSEN Low to Valid Instr In 
145 
3TCLCL 
- 
105 
ns 


TPXIX 
Input Instr Hold after PSEN 
0 
0 
ns 


TPXIZ 
Input Instr Float after PSEN 
59 
TCLCL 
- 
25 
ns 


TAVIV 
Address 
to Valid Instr In 
312 
- 
5TCLCL 
- 
105 
ns 


TPLAZ 
PSEN Low to Address 
Float 
10 
10 
ns 


TALAH 
AD Pulse Width 
400 
6TCLCL 
- 
100 
ns 


TWLWH 
WA Pulse Width 
400 
6TCLCL 
- 
100 
ns 


TALDV 
AD Low to Valid Data In 
252 
5TCLCL 
- 
165 
ns 


TAHDX 
Data Hold after AD 
0 
0 
ns 


TAHDZ 
Data Float after AD 
97 
2TCLCL 
- 
70 
ns 


TLLDV 
ALE Low to Valid Data In 
517 
8TCLCL 
- 
150 
ns 


TAVDV 
Address 
to Valid Data In 
585 
9TCLCL 
- 
165 
ns 


TLLWL 
ALE Low to AD or WA Low 
200 
300 
3TCLCL 
- 
50 
3TCLCL + 50 
ns 


A.C. CHARACTERISTICS 
TA = O·C to + 70·C, Vcc = 5V ± 20%, VSS = OV, load capacitance 
for Port 0, ALE, and PSEN = 100 pF, 


load capacitance 
for all other outputs 
= 80 pF. (Continued) 


Symbol 
Parameter 
12 MHz Clock 
Variable 
Clock 
Unit 
Mln 
Max 
Mln 
Max 


TAVWL 
Address 
Valid to RD or WR Low 
203 
4TCLCL 
- 
130 
ns 


TQVWX 
Data Valid to WR Transition 
23 
TCLCL 
- 
60 
ns 


TWHQX 
Data Hold after WR 
33 
TCLCL 
- 
50 
ns 


TQVWH 
Data Valid to WR High 
433 
7TCLCL 
- 
70 
ns 


TRLAZ 
AD Low to Address 
Float 
0 
0 
ns 


TWHLH 
AD or WR High to ALE High 
43 
102 
TCLCL 
- 
40 
TCLCL + 40 
ns 


PORT 6 INPUT (Input 
Rise and Fall Times 
5 ns) 


TILIH 
IDS Width 
270 
3TCLCL + 20 
ns 


TDVIH 
Data Setup to IDS High 
0 
0 
ns 


TIHDX 
Data Hold after IDS 
30 
30 
ns 


TFLIL 
PEto 
IDS 
25 
25 
ns 


TIVFV 
iDS to BFLAG (IBF) Delay 
130 
130 
ns 


PORT 6 OUTPUT 


TOLOH 
ODS Width 
270 
3TCLCL + 20 
ns 


TFVDV 
SEL to Data Out Delay 
85 
85 
ns 


TOLDV 
ODS to Data Out Delay 
80 
80 
ns 


TOHDZ 
ODS to Data Float Delay 
35 
35 
ns 


TOVFV 
ODS to AFLAG 
(OBF) Delay 
100 
100 
ns 


TFLDV 
PE to Data Out Delay 
120 
120 
ns 


TOHFH 
ODS High to AFLAG 
(SEL) Delay 
100 
100 
ns 


IBF(SrLAG) 
L 
r- 
1"rv~ 1",v~ 
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Symbol 
Parameter 
Min 
Max 
Unit 


1/TCLCL 
Oscillator 
Frequency 
80C451 
3.5 
12 
80C451-1 
3.5 
16 
MHz 
80C451-2 
0.5 
12 


TCHCX 
High Time 
20 
ns 


TCLCX 
Low Time 
20 
ns 


TCLCH 
Rise Time 
20 
ns 


TCHCL 
Fall Time 
20 
ns 


SERIAL TIMING-SHIFT 
REGISTER MODE 
Test Conditions: 
TA = O·C to 70·C; Vcc = 5V ± 20%; 
Vss = OV; load capacitance 
= 80 pF. 


Symbol 
Parameter 
12 MHzOsc. 
Variable 
Oscillator 
Unit 
Min 
Max 
Mln 
Max 


TXLXL 
Serial Port Clock Cycle Time 
1.0 
12TCLCL 
J-Ls 


TOVXH 
Output Data Setup to Clock Rising Edge 
700 
10TCLCL 
- 
133 
ns 


TXHOX 
Output Data Hold after Clock Rising Edge 
50 
2TCLCL 
- 
117 
ns 


TXHDX 
Input Data Hold after Clock Rising Edge 
0 
0 
ns 


TXHDV 
Clock Rising Edge to Input Data Valid 
700 
10TCLCL 
- 
133 
ns 


INSTRUCTIONI 


ALE 


r-TOVXH~ 
r- 
TXHQX 


\ 
0 
••••• 
X... 
X... 
X... 
X... 
X 
I 
WRITETO SBur 


INPUT OATA 


:x: 
2.4V 
~ 
VCC 


O.4SV 
~OV 


270561-20 


Input timings are driven at 2.4V for a logic "'" 
and 0.45V for a 
logic "0". Output timing measurements are made at 0.7 Vcc for a 
logic "1" and 0.8V for a logic "0". 


t 
SET RI 


270561-19 


VLOAO'O.l V 
vOH-O.1 V 


vLOAO 
::>TIMINGp~I~:gENCE< 


VLOAO-O.l V 
VOL+0.1 V 


270561-2' 


For timing purposes a port pin is no longer floating when a 
100 mV change from load voltage occurs, and begins to float 
when a 100 mV change from the loaded VOHIVOL level occurs. 
IOLIiOH "' ± 20 mA. 


The following 
are the key differences 
between 
this and the -001 version 
of the 83C451/80C451 
data sheet: 


1. Package 
table was added. 


2. Typical 
values for ICC were added. 


3. Note 5 was added to explain 
the test conditions 
for typical values. 


4. Timing 
spec TQVWH 
was added. 


5. Data sheet 
revision 
summary 
was added. 


UPI,,452 CHMOS 
13 
Programmable I/O Processor 


Ut'I-40~ 
CHMOS PROGRAMMABLE 
I/O PROCESSOR 


83C452 - 8K x 8 Mask Programmable 
Internal ROM 


80C452 - External ROM/EPROM 
• 83C452/80C452:3.5 
to 14 MHz Clock 
• Two 16-Bit Timer/Counters 
Rate 
• Boolean 
Processor 
• Software 
Compatible 
with the MCS-51 
• Bit Addressable 
RAM 
Family 


128-Byte 
Bi-Directional 
FIFO Slave 
• 8 Interrupt 
Sources 
• Interface 
• Programmable 
Full Duplex Serial 


Two DMA Channels 
Channel 
• 
256 x 8-Bit Internal 
RAM 
• 64K Program 
Memory 
Space 
• 
34 Additional 
Special 
Function 
• 64K Data Memory 
Space 
• Registers 
• 68-Pin PGA and PLCC 
• 40 Programmable 
I/O 
Lines 
(See Packaging 
Spec .• Order: 
#231369) 


The Intel UPI-452 (Universal 
Peripheral 
Interface) 
is a 68 pin CHMOS Slave I/O Processor 
with a sophisticated 
bi-directional 
FIFO buffer interface 
on the slave bus and a two channel 
DMA processor 
on-chip. 
The UPI-452 
is the newest 
member 
of Intel's 
UPI family of products. 
It is a general-purpose 
slave I/O Processor 
that allows 
the designer 
to grow a customized 
interface 
solution. 


The UPI-452 contains 
a complete 
80C51 with twice the on-chip 
data and program 
memory. The sophisticated 


slave FIFO module acts as a buffer between 
the UPI-452 internal 
CPU and the external 
host CPU. To both the 


external 
host and the internal 
CPU, the FIFO module 
looks like a bi-directional 
bottomless 
buffer that can both 
read 
and write 
data. The 
FIFO 
manages 
the transfer 
of data 
independent 
of the 
UPI-452 
core 
CPU and 


generates 
an interrupt 
or DMA request 
to either CPU, host or internal, 
as a FIFO service 
request. 


The 
FIFO consists 
of two channels:the 
Input FIFO and the Output 
FIFO. The division 
of the FIFO module 
array, 
128 bytes, between 
Input channel 
and Output 
channel 
is programmable 
by the user. Each FIFO byte 


has an additional 
logical 
ninth 
bit to distinguish 
between 
a data byte and a Data Stream 
Command 
byte. 


Additionally, 
Immediate 
Commands 
allow 
direct, 
interrupt 
driven, 
bi-directional 
communication 
between 
the 


UPI-452 
internal 
CPU and external 
host CPU, bypassing 
the FIFO. 


The on-chip 
DMA processor 
allows 
high speed 
data transfers 
from one writeable 
memory 
space to another. 


As many as 64K bytes can be transferred 
in a single DMA operation. 
Three distinct 
memory 
spaces 
may be 


used in DMA operations; 
Internal 
Data Memory, 
External 
Data Memory, 
and the Special 
Function 
Registers 
(including 
the FIFO IN, FIFO OUT, and Serial Channel 
Special 
Functions 
Registers). 
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Figure 2. UPI·452 58·Pln PGA Pinout Diagram 
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P.C. Board View-As 
Viewed 
from the Component 
Side of the P.C. Board 
(Underside 
of Socket) 
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These 
UPI Microcontrollers 
are fully 
supported 
by 


Intel's 
development 
tools 
(ICE, ASM and PLM). 


The UPI-452 
joins the current 
members 
of the UPI 
microcontroller 
family. 
UPl's 
are derivatives 
of the 
MCSTM family 
of microcontrollers. 
Because 
of their 
on-chip 
system 
bus interface, 
UPl's are designed 
to 
be system 
bus "slaves", 
while their microcontroller 
counterparts 
are intended 
as system bus "masters". 


Packaging 


The 80C452/83C452 
is available 
in either 
a 68-pin 


PGA (Pin Grid Array) or 68-pin 
PLCC package. 


UPI Family 
MCSFamlly 
RAM 
ROM 
(Slave 
(Master 
Speed 
(Bytes) 
(Bytes) 
Configuration) 
Configuration) 


80C452 
80C51 
12 MHz 
256 
- 


83C452 
80C51 
12 MHz 
256 
8K 


80C452-1 
80C51 
14 MHz 
256 
- 


83C452-1 
80C51 
14 MHz 
256 
8K 


Symbol 
Pin # 
Type 
Name and FunctIon 


Vss 
9/43 
I 
Circuit Ground. 


Vcc 
60 
I 
+ 5V power supply during normal and idle mode operation. 
It is also 


the standby power pin for power down mode. 


XTAL1 
38 
I 
Input to the oscillator's 
high gain amplifier. 
A crystal or external 


source can be used. 


XTAL2 
39 
0 
Output from the high gain amplifier. 


Port 0 
1/0 
Port 0 is an 8-bit open drain bi-directionall/O 
port. Port 0 can sink 


(ADO-AD7) 
eight LS TTL inputs. It is also the multiplexed 
low-order 
address 
and 


PO.O 
8 
data local expansion 
bus during accesses 
to external 
memory . 


.1 
10 


.2 
11 


.3 
12 


.4 
13 


.5 
14 


.6 
15 
PO.7 
16 


Symbol 
Pin # 
Type 
Name and Function 


Port 1 
I/O 
Port 1 is an 8-bit quasi-bi-directionall/O 
port. 
Port 1 can sink four 
(AO-All.- 
LS TTL inputs. The alternate 
functions 
can only be activated 
if the 
(HLD, HLDA) 
corresponding 
bit latch in the port SFR contains 
a 1. Otherwise, 
the 
P1.0 
7 
port pin is stuck at O. Pins P1.5 and P1.6 are multiplexed 
with HLD 
and HLDA respectively 
whose functions 
are defined as below: 


.1 
6 
Port Pin 
Alternate 
Function 


.2 
5 
P1.5 
HLD 
-Local 
bus hold 


.3 
4 
input/output 
signal 


.4 
3 
P1.6 
HLDA -Local 
bus hold 


.5 
2 
acknowledge 
input 


.6 
1 
P1.7 
68 


Port 2 
I/O 
Port 2 is an 8-bit quasi-bi-directionall/O 
port. It also emits the high- 


(A8-A15) 
order 8 bits of address when accessing 
local expansion 
bus 


P2.0 
29 
external 
memory. 
Port 2 can sink four LS TTL inputs . 


.1 
28 


.2 
r 
27 


.3 
25 


.4 
24 


.5 
23 


r 


.6 
22 


.7 
21 


Port 3 
I/O 
Port 3 is an 8-bit quasi-bi-directional 
I/O port. It is also multiplexed 
P3.0 
67 
with the interrupt, 
timer, local serial channel, 
RD/ and WR/ 
.1 
66 
functions 
that are used by various options. 
The alternate 
functions 
.2 
65 
can only be activated 
if the corresponding 
bit latch in the port SFR 
.3 
64 
contains 
a 1. Otherwise, 
the port pin is stuck at O. Port 3 can sink 
.4 
63 
four LS TTL inputs. The alternate 
functions 
assigned 
to the pins of 
.5 
62 
Port 3 are as follows: 
.6 
61 
Port Pin 
Alternate 
Function 
P3.7 
59 
P3.0 
RxD 
- 
Serial input port 
P3.1 
TxD 
- 
Serial output port 
P3.2 
INTO 
-Interrupt 
0 Input 
P3.3 
INT1 
- 
Interrupt 
1 Input 
P3.4 
TO 
- 
Input to counter 
0 
P3.5 
T1 
- 
Input to counter 
1 
P3.6 
WR/ 
- 
The write control 
signal latches the 


" 


data from Port 0 outputs 
into the 


1_ 
External 
Data Memory on the 
local bus. 
P3.7 
RD/ 
- 
The read control 
signal latches the 
data from Port 0 outputs on the 
local bus. 


Symbol 
Pin IF 
Type 
Name and Function 


Port 4 
I/O 
Port 4 is an 8-bit quasi-bi-directionall/O 
port. Port 4 can sink/ 
P4.0 
30 
source four TTL inputs . 


.1 
.2 
32 


.3 
33 


.4 
34 


.5 
35 
.6 
36 


.7 
37 


RST 
20 
I 
A high level on this pin for two machine 
cycles while the oscillator 
is 
running resets the device. An internal 
pulldown 
resistor 
permits 
Power-on 
reset using only a capacitor 
connected 
to Vcc. 
This pin does not receive the power down voltage 
as is the case for 
HMOS MCS-51 family members. 
This function 
has been transferred 
to the Vcc pin. 


ALE 
18 
0 
Provides Address 
Latch Enable output used for latching the 
address into external 
memory during normal operation. 
ALE can 
sink/source 
eight LS TTL inputs. 


PSEN 
19 
0 
The Program Store Enable output is a control 
signal that enables 
the external 
Program Memory to the bus during normal fetch 
operation. 
PSEN can sink/source 
eight LS TTL inputs. 


EA 
17 
I 
When held at TTL high level, the UPI-452 executes 
instructions 
from the internal 
ROM when the PC is less than 8192 (8K, 2000H). 
When held at a TTL low level, the UPI-452 fetches 
all instructions 
from external 
Program Memory. 


DBO 
58 
I/O 
Host Bus Interface 
is an 8-bit bi-directional 
bus. It is used to transfer 
DB1 
57 
data and commands 
between 
the UPI-452 and the host processor. 


DB2 
56 
This bus can sink/source 
eight LS TTL inputs. 


DB3 
55 
DB4 
54 
DB5 
53 
DB6 
52 
DB7 
51 


CS 
44 
I 
This pin is the Chip Select of the UPI-452. 


AO 
40 
I 
These three address 
lines are used to interface 
with the host 
A1 
41 
system. They define the UPI-452 operations. 
The interface 
is 
A2 
42 
compatible 
with the Intel microprocessors 
and the MUL TIBUS. 


READ 
46 
I 
This pin is the read strobe from the host CPU. Activating 
this pin 
causes the UPI-452 to place the contents 
of the Output FIFO (either 
a command 
or data) or the Host Status/Control 
Special 
Function 
Register on the Slave Data Bus. 


WRITE 
47 
I 
This pin is the write strobe from the host. Activating 
this pin will 
cause the value on the Slave Data Bus to be written into the register 
specified 
by AO-A2. 


DRQIN/ 
49 
0 
This pin requests 
an input transfer 
from the host system whenever 
INTRQIN 
the Input Channel 
requires data. 


DRQOUT/ 
48 
0 
This output pin requests 
an output transfer 
whenever 
the Output 
INTRQOUT 
Channel 
requires service. 
If the external 
host to UPI-452 DMA is 
enabled, 
and a Data Stream Command 
is at the Output FIFO, 
DRQOUT 
is deactivated 
and INTRQ is activated 
(see 'GENERAL 
PURPOSE 
DMA CHANNELS' 
section). 


inter 


Symbol 
Pin # 
Type 
Name and Function 


INTRQ 
50 
0 
This output pin is used to interrupt 
the host processor 
when an 
Immediate 
Command 
Out or an error condition 
is encountered. 
It is 
also used to interrupt 
the host processor 
when the FIFO requests 
service if the DMA is disabled 
and INTRQIN 
and INTRQOUT 
are 
not used. 


DACK 
45 
I 
This pin is the DMA acknowledge 
for the host bus interface 
Input 
and Output Channels. 
When activated, 
a write command 
will cause 
the data on the Slave Data Bus to be written as data to the Input 
Channel 
(to the Input FIFO). A read command 
will cause the Output 


I, 
Channel to output data (from the Output FIFO) on to the Slave Data 
Bus. This pin should be driven high (+ 5V) in systems which do not 
have a DMA controller 
(see Address 
Decoding). 


Vcc 
26 
I 
+ 5V power supply during operation. 


The 
UPI-452 
slave 
microcontroller 
incorporates 
an 


80C51 with double the program 
and data memory, 
a 


slave 
interface 
which 
allows 
it to be connected 
di- 


rectly to the host system bus as a peripheral, 
a FIFO 


buffer module, 
a two channel 
DMA processor, 
and a 


fifth 
I/O 
port 
(Figure 
3). The 
UPI-452 
retains 
all of 


the 80C51 
architecture, 
and is fully compatible 
with 


the MCS-51 
instruction 
set. 


The Special 
Function 
Register 
(SFR) interface 
con- 


cept 
introduced 
in the MCS-51 
family 
of microcon- 


trollers 
has been expanded 
in the UPI-452. 
To the 


20 Special 
Function 
Registers 
of the 
MCS-51, 
the 


UPI-452 
adds 
34 
more. 
These 
additional 
Special 


Function 
Registers, 
like those 
of the MCS-51, 
pro- 


vide access 
to the UPI-452 
functional 
elements 
in- 


cluding 
the FIFO, DMA and added interrupt 
capabili- 


ties. 
Several 
of the 
80C51 
core 
Special 
Function 


Registers 
have also been expanded 
to support 
add- 


ed features 
of the UPI-452. 


This data sheet describes 
the unique features 
of the 


UPI-452. 
Refer 
to the 80C51 
data sheet 
for a de- 


scription 
of 
the 
UPI-452's 
core 
CPU 
functional 


blocks 
inclUding; 


- 
Timers/Counters 


-I/O 
Ports 


- 
Interrupt 
timing and control 
(other than FIFO and 


DMA interrupts) 


- 
Serial Channel 


- 
Local Expansion 
Bus 


- 
Program/Data 
Memory 
structure 


- 
Power-Saving 
Modes 
of Operation 


- 
CHMOS 
Features 


- 
Instruction 
Set 


Figure 3 contains 
a conceptual 
block diagram 
of the 


UPI-452. 
Figure 
4 provides 
a functional 
block 
dia- 


gram. 


A unique feature 
of the UPI-452 
is the incorporation 


of a 128 byte FIFO array at the host-slave 
interface. 


The FIFO allows 
asynchronous 
bi-directional 
trans- 


fers between 
the host CPU and the internal 
CPU. 


inter 


ADDITIONAL 
FEATURES: 
I 


-SERIAL 
CHANNEL 
: 


-EXTERNAL 
INTERRUPTS 
-HLD/HLD 
ACK 


-LOCAL 
EXPANSION 
BUS 
-RD 
-WR 
-EXTERNAL 
COUNTER INPUT 
-EPROhl 
PROGRAhl 
AND VERIFY 
CONTROL 
._------------ 


The division of the 128 bytes between Input and 
Output channels is user programmable allowing 
maximum flexibility. If the entire 128 byte FIFO is 
allocated to the Input channel, a high performance 
Host can transfer up to 128 bytes at one time, then 
dedicate its resources to other functions while the 
internal CPU processes the data in the FIFO. Vari- 
ous handshake signals allow the external Host to 
operate independently and without frequent monitor- 
ing of the UPI-452 internal CPU. The FIFO Buffer 
insures that the slave processor receives data in the 
same order that it was sent by the host without the 
need to keep track of addresses. Three slave bus 
interface handshake methods are supported by the 
UPI-452: DMA, Interrupt and Polled. 


The FIFO is nine bits wide. The ninth bit acts as a 
command/data flag. Commands written to the FIFO 
by either the host or internal CPU are called Data 
Stream Commands or DSCs. DSCs are written to 
the input FIFO by the Host via a unique external 
address. DSCs are written to the output FIFO by the 
internal CPU via the COMMAND OUT Special Func- 
tion Register (SFR). When encountered by the host 
or internal CPU a Data Stream Command can be 
used as an address vector to user defined service 
routines. DSCs provide synchronization of data and 
commands between the Host and internal CPU. 


Size of Input/Output 
Channels 


The 128 bytes of FIFO space can be allocated be- 
tween the Input and Output channels via the Chan- 


nel Boundary Pointer (CBP) SFR. This register con- 
tains the number of address locations assigned to 
the Input channel. The remaining address locations 
are automatically assigned to the Output FIFO. The 
CBP SFR can only be programmed by the internal 
CPU during FIFO DMA Freeze Mode (See FIFO-Ex- 
ternal Host Interface FIFO DMA Freeze Mode de- 
scription). The CBP is initialized to 40H (64 bytes) 
upon reset. 


The number in the Channel Boundary Pointer SFR is 
actually the first address location of the Output 
FIFO. Writing to the CBP SFR reassigns the Input 
and Output FIFO address space. Whenever the CBP 
is written, the Input FIFO pointers' are reset to zero 
and the Output FIFO pointers are set to the value in 
the CBP SFR. 


All of the FIFO space may be assigned to one chan- 
nel. In such a situation the other channel's data path 
consists of a single SFR (FIFO IN/COMMAND IN or 
FIFO OUT/COMMAND OUT SFR) location. 


CBP 
Input FIFO 
Output 
FIFO 


Register 
Size 
Size 


0 
1 
128 


1 
1 
128 


2 
2 
126 


3 
3 
125 


4 
- 
4 
124 
• 


~. 
• 
• 


7B 
. = 
123 
5 


7C 
~ 
124 
4 


7D 
125 
3 


7E 
128 
1 


7F 
128 
1 


These normally 
operate 
in auto-increment 
(and auto- 
rollover) 
mode, but can be reassigned 
by the internal 
CPU during FIFO DMA Freeze Mode (See FIFO-Ex- 
ternal 
Host 
Interface 
FIFO 
DMA Freeze 
Mode 
de- 
scription). 


Threshold 
Register 


The Input FIFO Threshold 
SFR contains 
the number 
of empty 
bytes that 
must be available 
in the Input 
FIFO to generate 
a Host interrupt. 
The Output 
FIFO 
Threshold 
SFR contains 
the number 
of bytes, data 
and/or 
DSC(s), that must be in the FIFO before 
an 
interrupt 
is generated. 
The 
Threshold 
feature 
pre- 
vents the Host from being interrupted 
each time the 
FIFO needs to load or unload 
one byte of data. The 
thresholds, 
therefore, 
allow the FIFO's 
operation 
to 
be adjusted 
to the speed of the Host, optimizing 
the 
overall 
interface 
performance. 


The UPI-452 provides, 
in addition 
to data and DSCs, 
a third direct 
means of communication 
between 
the 
external 
Host 
and 
internal 
CPU 
called 
Immediate 
Commands. 
As 
the 
name 
implies, 
an 
Immediate 
Command 
is available 
to the receiving 
CPU immedi- 
ately, via an interrupt, 
without 
being entered 
into the 
FIFO 
as are 
Data 
Stream 
Commands. 
Like 
Data 
Stream 
Commands, 
Immediate 
Commands 
are writ- 
ten either via a unique external 
address 
by the host 
CPU, or via dedicated 
SFR by the internal 
CPU. 


The 
DSC 
and/or 
Immediate 
Command 
interface 
may be defined 
as either 
Interrupt 
or Polled 
under 
user program 
control 
via the 
Interrupt 
Enable 
(IE), 
Slave 
Control 
Register 
(SLCON), 
and Interrupt 
En- 
able Priority (IEP) Special 
Function 
Registers, 
for the 
internal 
CPU and via the Host Control 
SFR for the 
external 
Host CPU. 


of the three writeable 
memory 
spaces: 
Internal 
Data 
Memory, 
External 
Load Expansion 
Bus Data Memo- 
ry and the Special 
Function 
Register 
array. The Spe- 
cial 
Function 
Register 
array 
appears 
as a set 
of 
unique dedicated 
memory 
addresses 
which 
may be 
used as either the source or destination 
address 
of a 
DMA transfer. 
Each DMA channel 
is independently 
programmable 
via dedicated 
Special 
Function 
Reg- 
isters for mode, 
source 
and destination 
addresses, 


and byte count to be transferred. 
Each DMA channel 
has four programmable 
modes: 


- 
Alternate 
Cycle Mode 


- 
Burst Mode 


- 
FIFO or Serial Channel 
Demand 
Mode 


- 
External 
Demand 
Mode 


A complete 
description 
of each mode and DMA op- 


eration 
may be found 
in the section 
titled 
"General 
Purpose 
DMA Channels". 


FIFO/SLAVE 
INTERFACE 
FUNCTIONAL 
DESCRIPTION 


The FIFO is a 128 Byte RAM array with recirculating 
pointers 
to manage 
the 
read 
and write 
accesses. 
The FIFO consists 
of an Input and an Output 
chan- 
nel. Access 
cycles 
to the FIFO by the internal 
CPU 
and external 
Host are interleaved 
and appear 
to be 
occurring 
concurrently 
to both the internal 
CPU and 
external 
Host. 
Interleaving 
access 
cycles 
ensures 
efficient 
use of this 
shared 
resource. 
The 
internal 
CPU accesses 
the FIFO in the same 
way it would 
access 
any of the Special 
Function 
Registers 
e.g., 
direct and register 
indirect 
addressing 
as well as ar- 
ithmetric 
and logical 
instructions. 


The Input 
FIFO Channel 
provides 
for data transfer 
from the external 
Host to the internal 
CPU (Figure 5). 
The registers 
associated 
with the Input Channel 
dur- 
ing normal 
operation 
are listed in Table 
1·. 
The UPI-452 
contains 
a two channel 
internal 
DMA 
controller 
which allows transfer 
of data between 
any 


Table 
1. Input FIFO Channel 
Registers· 


Register 
Name 
Description 


1) 
Input Buffer Latch 
Host CPU Write only 
2) 
FIFO IN SFR 
Internal CPU Read only 
3) 
COMMAND 
IN SFR 
Internal CPU Read only 
4) 
Input FIFO Read Pointer SFR 
Internal CPU Read only 
5) 
Input FIFO Write Pointer SFR 
Internal CPU Read only 
6) 
Input FIFO Threshold 
SFR 
Internal CPU Read only 


inter 


The host CPU writes data and Data Stream Com- 
mands into the Input Buffer Latch on the rising edge 
of the external WR signal. External addressing de- 
termines whether the byte is a data byte or Data 
Stream Command and the FIFO logic sets the ninth 
bit of the FIFO accordingly as the byte is moved 
from the Input Buffer Latch into the FIFO. A "1" in 
the ninth bit indicates that the incoming byte is a 
Data Stream Command. The internal CPU reads 
data bytes via the FIFO IN SFR, and Data Stream 
Commands via the COMMAND IN SFR. 


A Data Stream Command will generate an interrupt 
to the internal CPU prior to being read and after 
completion of the previous operation. The DSC can 
then be read via the COMMAND IN SFR. Data can 
only be read via the FIFO IN SFR and Data Stream 
Commands via the COMMAND IN SFR. Attempting 
to read Data Stream Commands as data by address- 
ing the FIFO IN SFR will result in "OFFH" being 
read, and the Input FIFO Read Pointer will remain 
intact. (This prevents accidental misreading of Data 
Stream Commands.) Attempting to read data as 
Data Stream Commands will have the same conse· 
quence. 


The Input FIFO Channel addressing is controlled by 
the Input FIFO Read and Write Pointer SFRs. These 
SFRs are read only registers during normal opera- 
tion. However, during FIFO DMA Freeze Mode (See 
FIFO-External Host Interface FIFO DMA Freeze 
Mode description), the internal CPU has write ac- 
cess to them. Any write to these registers in normal 
mode will have no effect. The Input Write Pointer 
SFR contains the address location to which datal 
commands are written from the Input Buffer Latch. 
The write pointer is automatically incremented after 
each write and is reset to zero if equal to the CBP, 
as the Input FIFO operates as a circular buffer. 


If a write is performed on an empty FIFO, the first 
byte is also written into the FIFO IN or COMMAND 
IN SFR. If the Host continues writing while the Input 
FIFO is full, an external interrupt, if enabled, is sent 
to the host to signal the overrun condition. The 
writes are ignored by the FIFO control logic. Similar- 
ly, an internal CPU read of an empty FIFO will cause 
an underrun error interrupt to be generated to the 
internal CPU and a value of "OFFH" will be read by 
the internal CPU. 


enter 


The Read Pointer SFR holds the address of the next 
byte to be read from the Input FIFO. An Input FIFO 
read operation 
post-increments 
the 
Input Read 
Pointer SFR and loads a new data byte into the 
FIFO IN SFR or a Data Stream Command into the 
COMMAND IN SFR at the end of the read cycle. 


An Input FIFO Request for Service (via DMA, Inter- 
rupt or a flag) is generated to the Host whenever 
more data can be written into the Input FIFO. For 
efficient utilization of the Host, a "threshold" value 
can be programmed into the Input FIFO Threshold 
SF;R.The range of values of the Input FIFO Thresh- 
old SFR can be from 0 to (CBP-3). The Request for 
Service Interrupt is generated only after the Input 
FIFO has room to accommodate a threshold number 
of bytes or more. The threshold is equal to the total 


number of bytes assigned to the Input FIFO (CBP) 
minus the number of bytes programmed in the Input 
FIFO Threshold SFR. With this feature the Host is 
assured that it can write at least a threshold number 
of bytes to the Input FIFO channel without worrying 
about an overrun condition. Once the Request for 
Service is generated it remains active until the Input 
FIFO becomes full. 


The Output FIFO Channel provides data transfer 
from the UPI-452 internal CPU to the external Host 
(Figure 6). 


The registers associated with the Output Channel 
during normal operation are listed in Table 2·. 


TO 
EXTERNAL 
INTERRUPT/DWA 
REQUEST 
LOGIC 


Figure 6. Output 
FIFO Channel 
Functional 
Block Diagram 


Table 2. Output FIFO Channel 
Registers 


Register 
Name 
Description 


1) 
Output Buffer Latch 
Host CPU Read only 
2) 
FIFO OUT SFR 
Internal CPU Read and Write 
3) 
COMMAND OUT SFR 
Internal CPU Read and Write 
4) 
Output FIFO Read Pointer SFR 
Internal CPU Read only 
5) 
Output FIFO Write Pointer SFR 
Internal CPU Read only 
6) 
Output FIFO Threshold SFR 
Internal CPU Read only 


The UPI-452 internal CPU transfers data to the Out- 
put FIFO via the FIFO OUT SFR and commands via 
the COMMAND OUT SFR. If the byte is written to 
the COMMAND OUT SFR, the ninth bit is automati- 
cally set (= 1) to indicate a Data Stream Command. 
If the byte is written to the FIFO OUT SFR the ninth 
bit is cleared (=0). Thus the FIFO OUT and COM- 
MAND OUT SFRs are the same but the address de- 
termines whether the byte entered in the FIFO is a 
DSC or data byte. 


The Output FIFO preloads a byte into the Output 
Buffer Latch. When the Host issues a RDI 
signal, 
the data is immediately read from the Output Buffer 
Latch. The next data byte is then loaded into the 
Output Buffer Latch, a flag is set and an interrupt, if 
enabled, is generated if the byte is a DSC (ninth bit 
is set). The operation is carefully timed such that an 
interrupt can be generated in time for it to be recog- 
nized by the Host before its next read instruction. 
Internal CPU write and external Host read opera- 
tions are interleaved at the FIFO so that they appear 
to be occurring concurrently. 


The Output FIFO read and write pointer operation is 
the same as for the Input Channel. Writing to the 
FIFO OUT or COMMAND OUT SFRs will increment 
the Output Write Pointer SFR but reading from it will 
leave the write pointer unchanged. A rollover of the 
Output FIFO Write Pointer causes the pointer to be 
reset to the value in the Channel Boundary Pointer 
(CBP) SFR. 


If the external host attempts to read a Data Stream 
Command as a data byte it will result in invalid data 
(OFFH)being read. The DSC is not lost because the 
invalid read does not increment the pointer. Similarly 
attempting to read a data byte as a Data Stream 
Command has the same result. 


A Request for Service is generated to the external 
Host under the following two conditions: 
1.) Whenever the internal CPU has written a thresh- 
old number of bytes or more into the Output FIFO 
(threshold = (OTHR) + 1). The threshold num- 
ber should be chosen such that the bus latency 
time for the external Host does not result in a 
FIFO overrun error condition on the internal CPU 
side. The threshold limit should be large enough 
to make a bus request by the UPI-452 to the ex- 
ternal host CPU worthwhile. Once a request for 
service is generated, the request remains active 
until the Output FIFO becomes empty. The range 
of values of the FIFO Output Threshold (OTHR) 
SFR is from 2 to (80H-CBP)-11. The threshold 
number can be programmed via the OTHR SFR. 


2.) The second type of Request for Service is called 
"Flush Mode" and occurs when the internal CPU 
writes a Data Stream Command into the Output 
FIFO. Its purpose is to ensure that a data block 
entered into the Output FIFO, which is less than 
the programmed threshold, will generate a Re- 
quest for Service interrupt, if enabled, and be 
read, or "Flushed" from the Output FIFO, by the 
external host CPU regardless of the status of the 
OTHR SFR. 


Immediate Commands provide direct communica- 
tion between the external Host and UPI·452. Unlike 
Data Stream Commands which are entered into the 
FIFO, the Immediate Command is available to the 
receiving CPU directly, bypassing the FIFO. The Im- 
mediate Command can serve as a program vector 
pointing into a jump table in the recipients software. 
Immediate Command Interrupts are generated, if en- 
abled, and a bit in the appropriate Status Register is 
set when an Immediate Command is input or output. 
A similar bit is provided to acknowledge when an 
Immediate Command has been read and whether 
the register is available to receive another com- 
mand. The bits are reset when the Immediate Com- 
mands are read. Two Special Function Registers are 
dedicated to the Immediate Command interface. Ex- 
ternal addressing determines whether the Host is 
accessing the Input FIFO or the Immediate Com· 
mand IN (1MIN) SFR. The internal CPU writes Imme- 
diate Commands to the Immediate Command OUT 
(IMOUT) SFR. 


Both processors have the ability to enable or disable 
Immediate Command Interrupts. By disabling the in- 
terrupt, the recipient of the Immediate Command 
can poll the status SFR and read the Immediate 
Command at its convenience. 
Immediate Com- 
mands should only be written when the appropriate 
Immediate Command SFR is empty (as indicated in 
the appropriate status SFR:HSTAT/SSTAT). Simi- 
larly, the Immediate Command SFR should only be 
read when there is data in the Register. 


The flowcharts in Figure 7a and 7b illustrate the 
proper handshake mechanisms between the exter- 
nal Host and internal CPU when handling Immediate 
Commands. 
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Slave Interface 
Special Function Registers 


The Internal CPU interfaces with the FIFO slave module via the following registers: 
1) Mode Special Function Register (MODE) 


2) Slave Control Special Function Register (SLCON) 
3) Slave Status Special Function Register (SSTAT) 


Each register resides in the SFR Array and is accessible via all direct addressing modes except bit. Only the 
Slave Control Register (SLCON) is bit addressable. 


1) MODE Special Function Register (MODE) 


The MODE SFR provides the primary control of the external host-FIFO interface. It is included in the SFR 
Array so that the internal CPU can configure the external host-FIFO interface should the user decide that the 
UPI-452 slave initialize itself independent of the external host CPU. 


The MODE SFR can be directly modified by the internal CPUthrough direct address instructions. It can also be 
indirectly modified by the external host CPU by setting up a MODE SFR service routine in the UPI-452 program 
memory and having the host issue a Command, either Immediate or DSC, to vector to that routine. 
Symbolic 
PhysIcal 
Address 
Address 
___ 
I 
MD6 
MD5j 
MD4 
~ 
__ 


(MSB) 
Status On Reset: 


1" 
I__ o 
o 
o_~ 
1" 


MD7 
(reserved)"" 
MD6 
Request for Service to external CPU via; 
1 = DMA (DRQIN/DRQOUT) request to external host when the Input or Output FIFO channel re- 
quests service 
o = Interrupt (INTRQIN/INTRQOUT or INTRQ) to external host when the Input or Output FIFO 
channel requests service or a DSC is encountered in the I/O Buffer Latch 
MD5 
Configure DRQIN/INTRQIN and DRQOUT/INTRQOUT to be either; 
1 = Enable (Actively driven) 
o = Disable (Tri-state) 
MD4 
Configure INTRQ to be either; 
1 = Enable (Actively driven) 
o = Disable (Tri-state) 
MD3 
(reserved)"" 
MD2 
(reserved)"" 
MD1 
(reserved)"" 
MDO 
(reserved)"" 


The Slave Control SFR is used to configure the FIFO-internal CPU interface. All interrupts are to the internal 
CPU. 


Enable 
Input FIFO Interrupt 
(due to Underrun 
Error Condition, 
Data Stream 
Command 
or Request 


Service) 


1 = Enable 
o = Disable 


Enable Output 
FIFO Interrupt 
(due to Overrun 
Error Condition 
or Request 
Service) 


1 = Enable 


0= 
Disable 


Note: If the DMA is configured 
to service 
a FIFO demand, 
then the Request 
for Service 
Interrupt 
is 
not generated. 


Generate 
Interrupt 
when a command 
is written 
to the Immediate 
Command 
in Register 


1 = Enable 


0= 
Disable 


Generate 
Interrupt 
when Immediate 
Command 
Out Register 
is Available 


1 = Enable 


0= 
Disable 


Enable 
FIFO DMA Freeze 
Mode 


1 = Normal 
operation 
o = FIFO DMA Freeze 
Mode 


(reserved) 
•• 


Input FIFO Channel 
Request 
for Service 


1 = Request 
when Input FIFO not empty 
o = Request 
when Input FIFO full 


Output 
FIFO Channel 
Request 
for Service 


1 = Request 
when Output 
FIFO not full 
o = Channel 
Request 
when Output 
FIFO empty 


Symbolic 
Address 


SLCON 
IFI 
I 
OFI 
I 
ICII I 
ICOI 
I 
FRZ I~ 
IFRS 
I 


(MSB) 
Status On Reset: 


o 
I 
0 I 
0 
0 
0 
I~ 
0 


OFRS 


(LSB) 


SC2 


IFRS 


NOTES: 


•A '1' will be read from all SFR reserved 
locations 
except 
HCON SFR, HCO and HC2. 


"'reserved'-these 
locations 
are reserved 
for future 
use by Intel Corporation. 


Physical 
Address 


OE8H 


The bits in the Slave Status SFR reflect the status of the FIFO-internal 
CPU interface. 
It can be read during an 
internal 
interrupt 
service 
routine to determine 
the nature of the interrupt 
or read during a polling 
sequence 
to 
determine 
a course 
of action. 
Symbolic 
Address 


+- Output 
FIFO Status -+ 
Status On Reset: 


1 
I 
0 
0 
0 


(MSB) 


Physical 
Address 


inter 


SST7 
Output 
FIFO Overrun 
Error Condition 


1 = No Error 
o = Error (latched 
until Slave Status SFR is read) 


SST6 
Immediate 
Command 
Out Register 
Status 


1 = Full (Le. Host CPU has not read previous 
Immediate 
Command 
Out sent by internal 
CPU) 
o = Available 


SST5 
FIFO DMA Freeze Mode Status 


1 = Normal Operation 
o = FIFO DMA Freeze Mode in Progress 


SST4 
Output 
FIFO Request 
for Service 
Flag 


1 = Output 
FIFO does not request 
service 
o = Output 
FIFO requests 
service 


SST3 
Input FIFO Underrun 
Error Condition 
Flag 


1 = No Underrun 
Error 
o = Underrun 
Error (latched 
until Slave Status SFR is read) 


SST2 
Immediate 
Command 
In SFR Status 


1 = Empty 
o = Immediate 
Command 
received 
from host CPU 


SST1 
Data Stream 
Command/Data 
at Input FIFO Flag 


1 = Data (not DSC) 
o = DSC (at COMMAND 
IN SFR) 


SSTO 
Input FIFO Request 
For Service 
Flag 


1 = Input FIFO Does Not Request 
Service 
o = Input FIFO Request 
for Service 


The external 
host CPU has direct access 
to the following 
SFRs: 


1) Host Control 
Special 
Function 
Register 


2) Host Status Special 
Function 
Register 


It can also access 
other SFRs by commanding 
the internal 
CPU to change 
them accordingly 
via Data Stream 
Commands 
or Immediate 
Commands. 
The protocol 
for implementing 
this is entirely 
determined 
by the user. 


By writing to the Host Control SFR, the host can enable or disable 
FIFO interrupts 
and DMA requests 
and can 
reset the UPI·452. 
. 


Symbolic 
Address 


HCON 
HC7 
I 
HC6 I 
HC5 I 
HC4 I 
HC3 I~ 
HC1 1__ 


(MSB) 
Status On Reset: 
010 


Physical 
Address 


OE7H 


_O__ 
o_~_o~l~ 
0 


HC? 
Enable Output FIFO Interrupt due to Underrun Error Condition, Data Stream Command or Service 
Request 
1 = Enable 
0= 
Disable 
HC6 
Enable Input FIFO Interrupt due to Overrun Error Condition, or Service Request 
1 = Enable 
o = Disable 
HC5 
Enable the generation of the Interrupt due to Immediate Command Out being present 
1 = Enable 


0= 
Disable 
HC4 
Enable the Interrupt due to the Immediate Command In Register being Available for a new Immediate 
Command byte 
1 = Enable 
0= 
Disable 
HC3 
Reset UPI-452 
1 = Software RESET 
o = Normal Operation 
HC2 
(reserved)"" 
HC1 
Select between INTRQ and INTRQIN/INTRQOUT as Request for Service interrupt signal when DMA is 
disabled 
1 = INTRQ 
o = INTRQIN or INTRQOUT 
HCO 
(reserved)"" 


NOTES: 


"A '1' will be read from all SFR reserved locations except HCON SFR, HCOand HC2. 
"'reserved'-these 
locations are reserved for future use by Intel Corporation. 


The Host Status SFR provides information on the FIFO-Host Interface and can be used to determine the 
source of an external interrupt during polling. Like the Slave Status SFR, the Host Status SFR reflects the 
current status of the FIFO-external host interface. 


Symbolic 
Address 


HSTAT 


Physical 
Address 


OE6H 


~ 
Output FIFO Status ~ 
Status On Reset: 
_I 
I 1/0" I~_, 


inter 


HST7 Output FIFO Underrun Error Condition 
1 = No Underrun Error 
o 
= 
Underrun Error (latched until Host 
Status Register is read) 
HST6 
Immediate Command Out SFR Status 
1 = Empty 
o = Immediate Command Present 
HST5 
Data 
Stream 
Command/Data 
at 
Output 
FIFO Status 
1 = Data (not DSC) 
o = 
DSC (present at Output FIFO COM- 
MAND OUT SFR) 
(Note: Only if HST4=0, if HST4=1 then un- 
determined) 
HST4 Output FIFO Request for Service Status 
1 = No Request for Service 
o = Output FIFO Request for Service due to: 
a. Output 
FIFO containing 
the 
threshold 
number of bytes or more 
b. Internal CPU sending a block of data ter- 
minated by a DSC (DSC Flush Mode) 
HST3 
Input FIFO Overrun Error Condition 
1 = No Overrun Error 
o = Overrun Error (latched until Host Status 
Register is read) 
HST2 
Immediate Command In SFR Status 
1 = Full (Le. Internal CPU has not read pre- 
vious Immediate Command sent by Host) 
0= 
Empty 


• Reset value; 
'1' - 
if read by the external Host 
'0' - 
if read by internal CPU (reads shadow 
latch - see FIFO DMA Freeze Mode descrip- 
tion) 
HST1 
FIFO DMA Freeze Mode Status 
1 = Freeze Mode in progress. 
(In Freeze Mode, the bits of the Host Status 
SFR are forced to a '1' initially to prevent the 
external Host from attempting to access the 
FIFO. The definition of the Host Status SFR 
bits during FIFO DMA Freeze Mode can be 
found in FIFO DMA Freeze Mode descrip- 
tion) 
o = Normal Operation 
HSTO Input FIFO Request Service Status 
1 = Input FIFO does not request service 
o = Input FIFO request service due to the 
Input FIFO containing enough space for the 
host to write the threshold number of bytes 
or more 


FIFO MODULE 
• EXTERNAL 
HOST 
INTERFACE 


Overview 


The FIFO-external Host interface supports high 
speed asynchronous bi-directional a-bit data trans- 
fers. The host interface is fully compatible with Intel 
microprocessor local busses and with MULTIBUS. 
The FIFO has two specialized DMA request pins for 
Input and Output FIFO channel DMA requests. 
These are multiplexed to provide a dedicated Re- 
quest 
for 
Service 
interrupt 
(DRQIN/INTRQIN, 


DRQOUT/INTRQOUD. 


The external Host can program, under user defined 
protocol, thresholds into the FIFO Input and Output 
Threshold SFRs which determine when the FIFO 
Request for Service interrupt is generated to the 
Host CPU. The FIFO module external Host interface 
is configured by the internal CPU via the MODE 
SFR. "The external Host can enable and disable 
Host interface interrupts via the Host Control SFR." 
Data Stream Commands in the Input FIFO channel 
allow the Host to influence the processing of data 
blocks and are sent with the data flow to maintain 
synchronization. Data Stream Commands in the 
Output FIFO Channel allow the internal CPU to per- 
form the same function, and also to set the Output 
FIFO Request Service status logic to the host CPU 
regardless of the programmed value in the Thresh- 
old SFR. 


Slave Interface 
Address Decoding 


The UPI-452 determines the desired Host function 
through address decoding. The lower three bits of 
the address as well as the READ, WRITE, Chip Se- 
lect (CS) and DMA Acknowledge (DACK) are used 
for decoding. Table 3 shows the pin states and the 
Read or Write operations associated with each con- 
figuration. 


Interrupts 
to the Host 


The UPI-452 interrupts the external Host via the 
INTRQ pin. In addition, the DRQIN and DRQOUT 
pins can be multiplexed as interrupt request lines, 
INTRQIN and INTRQOUT respectively, when DMA 
is disabled. This provides two special FIFO "Re- 
quest for Service" interrupts. 


There are eight FIFO-related interrupt sources; two 
from The Input FIFO; three from The Output FIFO; 
one from the Immediate Command Out SFR; one 
from the Immediate Command IN SFR; and one due 
to FIFO DMA Freeze Mode. 


INPUT FIFO: The Input FIFO interrupt is generated 
whenever: 
a. The Input FIFO contains space for a threshold 
number of bytes. 


DACK 
CS 
A2 
A1 
AO 
Read 
Write 
. 


1 
1 
X 
X 
X 
No Operation 
No Operation 


1 
0 
0 
0 
0 
Data or DMA from Output 
FIFO Channel 
Data or DMA to Input FIFO Channel 


1 
0 
0 
0 
1 
Data Stream 
Command 
from Output 
FIFO Channel 
Data Stream 
Command 
to Input FIFO Channel 


1 
0 
0 
1 
0 
Host Status SFR Read 
Reserved 


1 
0 
0 
1 
1 
Host Control 
SFR Read 
Host Control 
SFR Write 


1 
0 
1 
0 
0 
Immediate 
Command 
SFR Read 
Immediate 
Command 
to SFR Write 


1 
0 
1 
1 
X 
Reserved 
Reserved 


0 
X 
X 
X 
X 
DMA Data from Output 
FIFO Channel 
DMA Data to Input FIFO Channel 


1 
0 
1 
0 
1 
Reserved 
Reserved 


NOTES: 
1. Attempting 
to read a DSC as a data byte will result 
in invalid 
data being read. The read pointers 
are not incremented 
so 
that the DSC is not lost. Attempting 
to read a data byte as a DSC has the same result. 


2. If ~ 
is active 
the 
UPI-452 
will attempt 
a DMA 
operation 
when AD or WR 
becomes 
active 
re8A~less 
of the 
DMA 
enable 
bit (MD6) 
in the MODE 
SFR. Care should 
be taken 
when 
using 
DACK. 
For proper 
operation, 
K must be driven 
high (+ 5V) when 
not using DMA. 


b. When 
an Input FIFO overrun 
error 
condition 
ex- 
ists. The appropriate 
bits in the Host Status 
SFR 
are set and the interrupt 
is generated 
only if en- 
abled. 


OUTPUT 
FIFO: The Output 
FIFO Request 
for Serv- 
ice Interrupt 
operates 
in a similar manner 
as the In- 
put FIFO interrupt: 


a. When the FIFO contains 
the threshold 
number 
of 
bytes or more. 


b. Output 
FIFO error condition 
interrupts 
are gener- 
ated when the Output 
FIFO is underrun. 


c. Data 
Stream 
Command 
present 
in the 
Output 
Buffer Latch. 


A Data Stream 
Command 
interrupt 
is used to halt 
normal 
processing, 
using the command 
as a vector 
to a service routine. When DMA is disabled, 
the user 
may program 
(through 
HC1) INTRQ to include 
FIFO 
Request 
for Service 
Interrupts 
or use INTRQIN 
and 
INTRQOUT 
as Request 
for Service 
Interrupts. 


IMMEDIATE 
COMMAND 
INTERRUPTS: 


a. An Immediate 
Command 
Out Interrupt 
is generat- 
ed, if enabled, 
to the Host and the corresponding 
Host 
Status 
SFR 
bit (HST AT HST6) 
is cleared, 
when 
the 
internal 
CPU writes 
to the 
Immediate 
Command 
OUT 
(IMOUT) 
SFR. 
When 
the 
Host 
reads 
the 
Immediate 
Command 
OUT 
(IMOUT) 
SFR 
the 
corresponding 
bit 
in the 
Host 
Status 
(HSTAT) 
SFR is set. This causes the Slave Status 
Immediate 
Command 
OUT 
Status 
bit 
(SSTAT 
SST6) to be cleared 
indicating 
that the Immediate 
Command 
OUT 
(IMOUT) 
SFR 
is empty. 
If en- 
abled, 
a FIFO-Slave 
Interface 
will also be gener- 
ated to the internal 
CPU. (See Figure 7b, Immedi- 
ate Command 
OUT Flowchart.) 


b. An Immediate 
Command 
IN interrupt 
is generat- 
ed, if enabled, 
to the Host when the internal 
CPU 
has read a byte from the Immediate 
Command 
IN 
(IMIN) 
SFR. The read operation 
clears 
the Host 
Status 
SFR 
Immediate 
Command 
IN Status 
bit 
(HSTAT 
HST2) 
indicating 
that 
the 
Immediate 
Command 
IN SFR 
is empty. 
The corresponding 
Slave Status 
(SSTAT) 
SFR bit is also set to indi- 
cate 
an empty 
status. 
Setting 
the 
Slave 
Status 
SFR bit generates 
a FIFO-Slave 
Interface 
inter- 
rupt, if enabled, 
to the internal 
CPU. (See Figure 
7a, Immediate 
Command 
IN Flowchart.) 


NOTE: 
Immediate 
Command 
IN and OUT interrupts 
are ac- 
tually specific 
Request 
For Service 
interrupts 
to the 
Host. 


FIFO DMA FREEZE 
MODE: When the internal 
CPU 
invokes 
FIFO DMA Freeze Mode, for example 
at re- 


set or to reconfigure 
the 
FIFO interface, 
INTRQ 
is 
activated. 
The 
INTRQ 
can only 
be deactivated 
by 
the 
external 
Host 
reading 
the 
Host 
Status 
SFR 
(HST1 remains 
active 
until FIFO DMA Freeze 
Mode 
is disabled 
by the internal 
CPU). 


Once 
an interrupt 
is generated, 
INTRQ 
will remain 
high 
until 
no interrupt 
generating 
condition 
exists. 


For a FIFO underrun/overrun 
error interrupt, 
the in- 


terrupt 
condition 
is deactivated 
by the external 
Host 
reading 
the 
Host Status 
SFR. An interrupt 
is serv- 
iced by reading 
the Host Status 
SFR to determine 
the source 
of the interrupt 
and vectoring 
the appro- 
priate service 
routine. 


"nter 


DMA Requests to the Host 


The UPI-452 generates two DMA requests, DRQIN 
and DRQOUT, to facilitate data transfer between the 
Host and the Input and Output FIFO channels. A 
DMA acknowledge, DACK, is used as a chip select 
and initiates a data transfer. The external READ and 
WRITE signals select the Input and Output FIFO re- 
spectively. The CS and address lines can also be 
used as a DMA acknowledge for processors with 
onboard DMA controllers which do not generate a 
DACK signal. 


The internal CPU can configure the UPI-452 to re- 
quest service from the external host via DMA or in- 
terrupts by programming Mode SFR MD6 bit. In ad- 
dition the external Host enables DMA requests 
through bits 6 and 7 of the Host Control SFR. When 
a DMA request is invoked the number of bytes trans- 
ferred to the Input FIFO is the total number of bytes 
in the Input FIFO (as determined by the CBP SFR) 
minus the value programmed in the Input FIFO 
Threshold SFR. The DMA request line is activated 
only when the Input FIFO has a threshold number of 
bytes that can be transferred. 
. 


The Output FIFO DMA request is activated when a 
DSC is written by the internal CPU at the end of a 
less than threshold size block of data (Flush Mode) 
or when the Output FIFO threshold is reached. The 
request remains active until the Input FIFO becomes 
full or the Output FIFO becomes empty. If a DSC is 
encountered during an Output FIFO DMA transfer, 
the DMA request is dropped until the DSC is read. 
The DMA request will be reactivated after the DSC is 
read and remains active until the Output FIFO be- 
comes empty or another DSC is encountered. 


FIFO MODULE 
• INTERNAL 
CPU 
INTERFACE 


The Input and Output FIFOs are accessed by the 
internal CPU through direct addressing of the FIFO 
IN/COMMAND IN and FIFO OUT/COMMAND OUT 
Special Function Registers. All of the 80C51 instruc- 
tions involving direct addressing may be used to ac- 
cess the FIFO's SFRs. The FIFO IN, COMMAND IN 
and Immediate Command In SFRs are actually read 
only registers, and their Output counterparts are 
write only. Internal DMA transfers data between In- 
ternal memory, External Memory and the Special 
Function Registers. The Special Function Registers 
appear as another group of dedicated memory ad- 
dresses and are programmed as the source or desti- 


nation via the DMAO/DMA1 Source Address or Des- 
tination Address Special Function Registers. The 
FIFO module manages the transfer of data between 
the external host and FIFO SFRs. 


Internal CPU Access to FIFO Via 
Software 
Instructions 


The internal CPU has access to the Input and Out- 
put FIFOs via the FIFO IN/COMMAND IN and FIFO 
OUT/COMMAND OUT SFRs which reside in the 
Special Function Register Array. At the end of every 
instruction that involves a read of the FIFO IN/COM- 
MAND IN SFR, the SFR is written over by a new 
byte from the Input FIFO channel when available. At 
the end of every instruction that involves a write to 
the FIFO OUT/COMMAND OUT SFR, the new byte 
is written into the Output FIFO channel and the write 
pointer)s incremented after the write operation (post 
incremented). 


The internal CPU reads the Input FIFO by using the 
FIFO IN/COMMAND IN SFR as the source register 
in an instruction. Those instructions which read the 
Input FIFO are listed below: 


ADD A,FIFO IN/COMMAND IN 
ADDC A,FIFO IN/COMMAND 
IN 
PUSH FIFO IN/COMMAND 
IN 
ANL A,FIFO IN/COMMAND IN 
ORL A,FIFO IN/COMMAND 
IN 
XRL A,FIFO IN/COMMAND IN 
CJNE A,FIFO IN/COMMAND 
IN, rei 
SUBB A,FIFO IN/COMMAND 
IN 
MOV direct,FIFO IN/COMMAND 
IN 
MOV @Ri,FIFO IN/COMMAND 
IN 
MOV Rn,FIFO IN/COMMAND 
IN 
MOV A,FIFO IN/COMMAND 
IN 


After each access to these registers, they are over- 
written by a new byte from the FIFO. 


NOTE: 
Instructions which use the FIFO IN or COMMAND 
IN SFR as both a source and destination register 
will have the data destroyed as the next data byte 
is rewritten into the FIFO IN register at the end of 
the instruction. These instructions are not support- 
ed by the UPI-452 FIFO. Data can only be read 
through the FIFO IN SFR and DSCs through the 
COMMAND IN SFR. Data read through the COM- 
MAND IN SFR will be read as OFFH, and DSCs 
read through the FIFO IN SFR will be read as 
OFFH. The Immediate Command in SFR is read 
with the same instructions as the FIFO IN and 
COMMAND IN SFRs. 


The FIFO IN, COMMAND IN and Immediate Com- 
mand In SFRs are read only registers. Any write op- 
eration performed on these registers will be ignored 
and the FIFO pointers will remain intact. 


The internal CPU uses the FIFO OUT SFR to write 
to the Output FIFO and any instruction which uses 
the FIFO OUT or COMMAND OUT SFR as a desti- 
nation will invoke a FIFO write. DSCs are differenti- 
ated from data by writing to the COMMAND OUT 
SFR. In the FIFO, Data Stream Commands have the 
ninth bit associated with the command byte set to 
"1". The instructions used to write to the Output 
FIFO are listed below: 


MOV FIFO OUT/COMMOUT, A 
MOV FIFO OUT/COMMOUT, direct 
MOV FIFO OUT/COMMOUT, Rn 
POP FIFO OUT/COMMOUT 
MOV FIFO OUT/COMMOUT, 
#data 
MOV FIFO OUT/COMMOUNT, 
@Ri 


NOTE: 
Instructions which use the FIFO OUT/COMMAND 
OUT SFRs as both a source and destination regis- 
ter cause invalid data to be written into the Output 
FIFO. These instructions are not supported by the 
UPI-452 FIFO. 


There are two identical General Purpose DMA Chan- 
nels on the UPI-452 which allow high speed data 
transfer from one writeable memory space to anoth- 
er. As many as 64K bytes can be transferred in a 
single 
DMA 
operation. 
The 
following 
memory 


spaces can be used with DMA channels: 
• Internal Data Memory 


• External Data Memory 
• Special Function Registers 


The Special Function Register array appears as a 
limited group of dedicated memory addresses. The 
Special Function Registers may be used in DMA 
transfer operations by specifying the SFR as the 
source or destination address. The Special Function 
Registers which may be used in DMA transfers are 
listed in Table 4. Table 4 also shows whether the 
SFR may be used as Source or Destination only, or 
both. 


The FIFO can be accessed during DMA by using the 
FIFO IN SFR as the DMA Source Address Register 
(SAR) or the FIFO OUT SFR as the Destination Ad- 


dress Register (OAR). (Note: Since the FIFO IN SFR 
is a read only register, the DMA transfer will be ig- 
nored if it is used as a DMA OAR. This is also true if 
the FIFO OUT SFR is used as a DMA SAR.) 


Each DMA channel is software programmable to op- 
erate in either Block Mode or Demand Mode. In the 
Block Mode, DMA transfers can be further pro- 
grammed to take place in Burst Mode or Alternate 
Cycle mode. In Burst Mode, the processor halts its 
execution and dedicates its resources to the DMA 
transfer. In Alternate Cycle Mode, DMA cycles and 
instruction cycles occur alternately. 


In Demand Mode, a DMA transfer occurs only when 
it is demanded. Demands can be accepted from an 
external device (through External Interrupt pins, 
EXTO/EXT1) or from either the Serial Channel or 
FIFO flags. In this way, a DMA transfer can be syn- 
chronized to an external device, the FIFO or the Se- 
rial Port. If the External Interrupt is configured in 
Edge Mode, a single byte transfer occurs per tran- 
sition. The external interrupt itself will occur if en- 
abled. If the External Interrupt is configured in Level 
Mode, DMA transfers continue until the External In- 
terrupt request goes inactive or the byte count be- 
comes zero. The following flags activate Demand 
Mode transfers of one byte to/from the FIFO or Seri- 
al Channel: 


RI - Serial Channel Receiver Suffer Full 
TI - Serial Channel Transmitter Suffer Empty 


There are three 16 bit and one 8 bit Special Function 
Registers associated with each DMA channel. 
• The 16 bit Source Address SFR (SAR) points to 


the source byte. 


• The 16 bit Destination Address SFR (OAR) points 


to the destination. 
• The 16 bit Syte Count SFR (SCR) contains the 


number of bytes to be transferred and is decre- 
mented when a byte transfer is accomplished. 


• The DMA Control SFR (DCON) is eight bits wide 


and specifies the source memory space, desti.na- 
tion memory space and the mode of operation. 


In Auto Increment mode, the Source Address and/ 
or Destination Address is incremented when a byte 
is transferred. When a DMA transfer is complete 
(SCR = 0), the DONE bit is set and a maskable 
interrupt is generated. The GO bit must be set to 
start any DMA transfer (also, the Slave Control SFR 
FRZ bit must be set to disable FIFO DMA Freeze 
Mode). The two DMA channels are designated as 
DMAOand DMA1, and their corresponding registers 
are suffixed by 0 or 1; e.g. SARO,OAR1, etc. 


intJ 


SFR 
Symbol 
Address 
Source 
Destination 
Either 
Only 
Only 


Accumulator 
AlACC 
OEOH 
Y 


B Register 
B 
OFOH 
Y 


FIFO IN 
FIN 
OEEH 
Y 
COMMAND 
IN 
CIN 
OEFH 
Y 
FIFO OUT 
FOUT 
OFEH 
Y 
COMMAND 
OUT 
COUT 
OFFH 
Y 
Serial Data Buffer 
SBUF 
099H 
Y 


Port 0 
PO 
, 
OaOH 
y 


Port 1 
P1 
090H 
Y 


Port 2 
P2 
OAOH 
Y 


Port 3 
P3 
OBOH 
Y 


Port 4 
P4 
OCOH 
Y 


DMA Special Function Registers 


DMA Control 
SFR: DCONO, DCON1 
Symbolic 
Address 


DCONO 


DCON1 


Physical 
Address 


092H 


093H 


(MSB) 


Reset Status: DCONO and DCON1 = OOH 


DAS 
IDA 
Destination 
Address 
Space 


0 
0 
External 
Data Memory without Auto-Increment 


0 
1 
External 
Data Memory with Auto-Increment 


1 
0 
Special 
Function 
Register 
1 
1 
Internal Data Memory 
-'. 
, 


SAS 
ISA 
Source Address 
Space 


0 
0 
External 
Data Memory without Auto-Increment 
0 
1 
External 
Data Memory with Auto-Increment 


1 
0 
Special 
Function 
Register 
1 
1 
Internal Data Memory 


DM 
TM 
DMA Transfer 
Mode 
, 


0 
0 
Alternate-Cycle 
Transfer 
Mode 
0 
1 
Burst Transfer 
Mode 
1 
0 
FIFO or Serial Channel 
Demand 
Mode 


1 
1 
External 
Demand 
Mode 
- 
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DMA transfer Flag: 


o 
DMA transfer is not completed. 
1 
DMA transfer is complete. 


NOTE: 
This flag is set when contents of the Byte Count 
SFR decrements to zero. It is reset automatically 
when the DMA vectors to its interrupt routine. 
GO 
Enable DMA Transfer: 


o 
Disable DMA transfer (in all modes). 
1 
Enable DMA transfer. If the DMA is in 
the Block mode, start DMA transfer if 
possible. If it is in the Demand mode, 
enable the channel and wait for a de- 
mand. 


NOTE: 
The GO bit is reset when the BCR decrements to 
zero. 


The following four modes of DMA operation are pos- 
sible in the UPI-452. 


General 


Alternate cycle mode is useful when CPU process- 
ing must occur during the DMA transfers. In this 
mode, a DMA cycle and an instruction cycle occur 
alternately. The interrupt request is generated (if en- 
abled) at the end of the process, Le.when BCR dec- 
rements to zero. The transfer is initiated by setting 
the GO bit in the DCON SFR. 


Alternate-Cycle 
FIFO Demand 
Mode 


Alternate cycle demand mode is useful for FIFO 
transfers of a less urgent nature. As mentioned be- 
fore, CPU instruction cycles are interleaved with 
DMA transfer cycles, allowing true parallel process- 
ing. 


This mode differs from FIFO Demand Mode in that 
CPU instruction cycles must be interleaved with 
DMA transfers, even if the FIFO is demanding DMA. 
In FIFO Demand Mode, CPU cycles would never oc- 
cur if the FIFO demand was present. 


Input Channel 


The DMA is configured as in FIFO Demand Mode 
and transfers are initiated whenever an Input FIFO 


service request is generated. DMA transfer cycles 
are alternated with instruction execution cycles. 
DMA transfers are terminated as in FIFO Demand 
Mode. 


Output 
Channel 


The DMA is configured as in FIFO Demand Mode 
and transfers are initiated whenever an Output FIFO 
requests service. DMA transfer cycles are alternated 
with instruction execution cycles. DMA transfers are 
terminated as in FIFO Demand Mode. 


The FIFO logic resets the interrupt flag after trans- 
ferring the byte, so the interrupt is never generated. 


Once the DMA is programmed to service the FIFO, 
the request for service interrupt for the FIFO is inhib- 
ited until the DMA is done (BCR = 0). 


In BURST mode the DMA is initiated by setting the 
GO bit in the DCON SFR. The DMA operation con- 
tinues until BCR decrements to zero (zero byte 
count), then an interrupt is generated (if enabled). 
No interrupts are recognized during this DMA opera- 
tion once it has started. 


Input Channel 


The FIFO Input Channel can be used in burst mode 
by specifying the FIFO IN SFR as the DMA Source 
Address. DMA transfers begin when the GO bit in 
the DMA Control SFR is set. The number of bytes to 
be transferred must be specified in the Byte Count 
SFR (BCR) and auto-incrementing of the SAR must 
be disabled. Once the GO bit is set nothing can in- 
terrupt the transfer of data until the BCR is zero. In 
this mode, a Data Stream Command encountered in 
the FIFO will be held in the COMMAND IN SFR with 
the pointers frozen, and invalid data (FFH) will be 
read through the FIFO IN SFR. If the input FIFO 
becomes empty during the block transfer, an OFFH 
will be read until BCR decrements to zero. 


Output 
Channel 


The Output FIFO Channel can be used in burst 
mode by specifying the FIFO OUT or COMMAND 
OUT SFR as the DMA Destination Address. DMA 
transfers begin when the GO bit is set. This mode 
can be used to send a block of data or a block of 
Data Stream Commands. If the FIFO becomes full 
during the block transfer, the remaining data will be 
lost. 
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NOTE: 
All interrupts including FIFO interrupts are not rec- 
ognized 
in 
Burst 
Mode. 
Burst 
Mode 
transfers 
should be used to service the FIFO only when the 
user is certain that no Data Stream Commands are 
in the block to be transferred (Input FIFO) and that 
the FIFO contains enough space to store the block 
to be transferred. In all other cases Alternate Cycle 
or Demand Mode should be used. 


3. FIFO AND SERIAL 
CHANNEL 
DEMAND 
MODES 


NOTES: 
1. If the output FIFO is configured as a one byte 
buffer and the user program consists of two-cycle 
instructions only, then Alternate-Cycle Mode should 
be used. 
2. In non-auto increment mode for internal to exter- 
nal, or external to internal transfers, the lower 8 bits 
of the external address should not correspond to 
the FIFO or Serial Port address. 


FIFO Demand 
Mode 


Although any DMA mode is possible using the FIFO 
buffer, only FIFO Demand and Alternate Cycle FIFO 
Demand Modes are recommended. FIFO Demand 
Mode DMA transfers using the input FIFO Channel 
are set-up by setting the GO bit and specifying the 
FIFO IN register as the DMA Source Address Regis- 
ter. The BCR should be set to the maximum number 
of expected transfers. The user must also program 
bit 1 of the Slave Control Register (SC1) to deter- 
mine whether the Slave Status (SSTAT) SFR FIFO 
Request For Service Flag will be activated when the 
FIFO becomes not empty or full. Once the Request 
For Service Flag is activated by the FIFO, the DMA 
transfer begins, and continues until the request flag 
is deactivated. While the request is active, nothing 
can interrupt the DMA (Le. it behaves like burst 
mode). The DMA Request is held active until one of 
the following occurs: 
1) The FIFO becomes empty. 
2) A Data Stream Command is encountered (this 
generates a FIFO interrupt and DMA operation 
resumes after the 
Data Stream Command is 
read). 


3) BCR = 0 (this generates a DMA interrupt and 
sets the DONE bit). 


DMA transfers to the Output FIFO Channel are simi- 
lar. The FIFO OUT or COMMAND OUT SFR is the 
DMA Destination Address SFR and a transfer is 
started by setting the GO bit. The user programs bit 
o of the Slave Control SFR (SCO) to determine 
whether a demand occurs when the Output FIFO 


is not full or empty. DMA transfers begin when the 
Request For Service Flag is activated by the FIFO 
logic and continue as long as the flag is active. The 
Flag remains active until one of the following occurs: 
1) The FIFO becomes full 
2) BCR = 0 (this generates a DMA interrupt and 
sets the DONE bit). 


As in Alternate Cycle FIFO Demand Mode, the FIFO 
logic resets the interrupt flag after transferring the 
byte, so the interrupt is never generated. 


After the GO bit is set, the DMA is activated if one of 
the following conditions takes place: 
SAR(0/1) = FIFO IN and HIFRS flag is set 
DAR(0/1) = FIFO OUT and HOFRS flag is set 


The HIFRS and HOFRS signals are internal flags 
which are not accessible by software. These flags 
are similar to the SSTOand SST4 flags in the Slave 
Status Register except that they are of the opposite 
polarity and once set they are not cleared until the 
Input FIFO becomes empty (HIFRS) or the Output 
FIFO becomes full (HOFRS). 


Serial Channel 
Demand 
Mode 


Serial Channel Demand Mode is the logical choice 
when using the Serial Port. The DMAs can be acti- 
vated by one of the Serial Channel Flags. Receiver 
interrupt (RI) or Transmitter Interrupt (TI). 


SAR(0/1) = SBUF and RI flag is set 
DAR(0/1) = SBUF and TI flag is set 


NOTE: 
TI flag must be set by software to initiate the first 
transfer. 


When the DMA transfer begins, only one byte is 
transferred at a time. The serial port hardware auto- 
matically resets the flag after completion of the 
transfer, so an interrupt will not be generated unless 
DMA servicing is held off due to the DMA being 
done (BCR = 0) or when the Hold/Hold Acknowl- 
edge logic is used and the DMA does not own the 
bus. In this case a Serial Port interrupt may be gen- 
erated if enabled because of the status of the RI or 
TI flags. 


In FIFO demand mode, Alternate cycle FIFO de- 
mand mode or Serial Port demand mode only one of 
the following registers (SBUF, FIN or FOUT) should 
be used as either the SAR or OAR registers to pre- 
vent undesired transfers. For example if SARO = 
FIN and DARO = SBUF in demand mode, the DMA 
transfer will start if either the HIFRS or TI flags are 
set. 
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The DMA can be initiated by an external device via 
External interrupt 0 and 1 (INTO/INT1) pins. The 
INTOpin demands DMAO(Channel 0) and INT1 de- 
mands DMA1 (Channel 1). If the interrupts are con- 
figured in edge mode, a single byte transfer is ac- 
complished for every request. Interrupts also result 
(INTO and INT1) after every byte transfer (if en· 
abled). If the interrupts are configured in level mode, 
the DMA transfer continues until the request goes 
inactive or BCR = O.In either case, a DMA interrupt 
is generated (if enabled) when BCR = O.The GO bit 
must be set for the transfer to b'egin. 


When transferring data to or from external memory 
via DMA, the HOLD (HLD) and HOLD·ACKNOWL· 
EDGE (HLDA) signals are used for handshaking. 
The HOLD and HOLD·ACKNOWLEDGE are active 
low signals which arbitrate control of the local bus. 
The UPI-452 can be used in a system where multi- 
masters are connected to a single parallel Address/ 
Data bus. The HLD/HLDA signals are used to share 
resources (memory, peripherals, etc.) among all the 
processors on the local bus. The UPI-452 can be 
configured in any of three different External Memory 
Modes controlled by bits 5 and 6 (REQ & ARB) in 
the PCON SFR (Table 5). Each mode is described 
below: 


REQUESTER MODE: In this mode, the UPI-452 is 
not the bus master, but must request the bus from 
another device. The UPI-452 configures port pin 
P1.5 as a HLD output and pin P1.6 as a HLDA input. 
The UPI-452 issues a HLD signal when it needs ex- 
ternal access for a DMA channel. It uses the local 
bus after receiving the HLDA signal from the bus 
master, and will not release the bus until its DMA 
operation is complete. 


ARBITER MODE: In this mode, the UPI-452 is the 
bus master. It configures port pin P1.5 as HLD input 
and pin P1.6 as HLDA output. When a device as- 
serts the HLD signal to use the local bus, the UPI- 
452 asserts the HLDA signal after current instruction 
execution is complete. If the UPI-452 needs an ex- 
ternal access via a DMA channel, it waits until the 
requester releases the bus, HLD goes inactive. 


DISABLE MODE: When external program memory is 
accessed by an instruction or by program counter 
overflow beyond the internal ROM address or exter- 
nal data memory is accessed by MOVX instructions, 
it is a local memory access and the HLD/HLDA logic 
is not initiated. When a DMA channel attempts data 
transfer to/from 
the external data memory, the 
HLD/HLDA logic is initiated as described below. 
DMA transfers from the internal memory space to 
the internal memory space does not initiate the 
HLD/HLDA logic. 


. The balance of the PCON SFR bits are described in 
the "SOC51 Register Description: Power Control 
SFR" section below. 


Latency 


When the GO bit is set, the UPI-452 finishes the 
current instruction before starting the DMA opera- 
tion. Thus the maximum latency is 3.5 microseconds 
(at 14 MHz). 


Each DMA channel has a unique vectored interrupt 
associated with it. There are two vectored interrupts 
associated with the two DMA channels. The DMA 
interrupts are enabled and priorities set via the Inter- 
rupt Enable and Priority SFR (see "Interrupts" sec- 
tion). The interrupt priority scheme is similar to the 
scheme in SOC51. 


Symbolic 
Address 


PCON 
-" ~ 
-" [2] -" 
(MSB) 
"Defined as per MLS-51 Data Sheet 
Reset Status: OOH 


Physical 
Address 


S7H 


ARB 
REQ 


0 
0 
HLD/HLDA logic is disabled. 


0 
1 
The UPI-452 is in the Requester Mode. 


1 
0 
The UPI-452 is in the Arbiter Mode. 
1 
1 
Invalid 


inter 


When a DMA operation is complete (BCR decre- 
ments to zero), the DONE flag in the respective 
DCON (DCa NOor DCON1) SFR is set. If the DMA 
interrupt is enabled, the DONE flag is reset automat- 
ically upon vectoring to the interrupt routine. 


If a Burst Mode DMA transfer is in progress, the in- 
terrupts are not serviced until the DMA transfer is 
complete. This is also true for level activated Exter- 
nal Demand DMA transfers. During Alternate Cycle 
DMA transfers, however, the interrupts are serviced 
at the end of the DMA cycle. After that, DMA cycles 
and instruction execution cycles occur alternately. In 
the case of edge activated External Demand Mode 
DMA transfers, the interrupt is serviced at the end of 
DMA transfer of that single byte. 


Only one of the two DMA channels is active at a 
time, except when both are configured in the Alter- 
nate Cycle mode. In this case, the DMA cycles and 
Instruction Execution cycles occur in the following 
order: 
1. DMA Cycle O. 
2. Instruction execution. 
3. DMA Cycle 1. 
4. Instruction execution. 


DMAO has priority over DMA1 during simultaneous 
activation of the two DMA channels. If one DMA 
channel is active, the other DMA channel, if activat- 
ed, waits until the first one is complete. 


If DMAOis already in the Alternate Cycle mode and 
DMA1 is activated in Alternate Cycle Mode, it will 
take two instruction cycles before DMA1 is activated 
(due to the priority of DMAO).Once DMA1 becomes 
active, the execution will follow the normal se- 
quence. 


If DMAOis already in the Alternate Cycle mode and 
DMA1 is activated in Burst Mode, the DMA1 Burst 
transfer will follow the DMAOAlternate Cycle trans- 
fer (after the completion of the next instruction). 


If the UPI-452 (as a Requester) asserts a HLD signal 
to request a DMA transfer (see "External Memory 
DMA")and its other DMA Channel requests a trans- 
fer before the HLDA signal is received, the channel 
having higher priority is activated first. A Burst Mode 
transfer on channel 0 can not be interrupted since 
DMAO has the highest priority. A Demand Mode 
transfer on channel 0 is the only type of activity that 
can interrupt a block transfer on DMA1. 


If, while executing a DMA transfer, the Arbiter re- 
ceives a HLD signal, and then before it can acknowl- 
edge, its other DMA Channel requests a transfer, it 
then completes the second DMA transfer before 
sending the HLDA signal to release the bus to the 
HLD request. 


DMA transfers may be held off under the following 
conditions: 
1. A write to any of the DMA registers inhibits the 
DMA for one instruction cycle. 


NOTE: 
An instruction cycle may be executed in 1, 2 or 4 
machine cycles dependent on the instruction being 
executed. DMA transfers are only executed after 
the completion of an instruction cycle never be- 
tween machine cycles of a single instruction cycle. 
Similarly instruction cycles are only executed upon 
completion of a DMA transfer whether it be a one 
machine cycle transfer or two machine cycles (for 
ext. to ext. memory transfers). 
2. A single machine cycle DMA register read opera- 
tion (Le. MOV A, DCONO)will inhibit the DMA for 
one instruction cycle. However a two cycle DMA 
register read operation will not inhibit the DMA 
(Le. MOV P1, DCONO). 


If the HOLD/HOLD Acknowledge logic is enabled in 
requestor mode the hold request will go active once 
the go bit has been set (for burst mode) and once 
the demand flag is set (for demand mode) regard- 
less of whether the DMA is held off by one of the 
above conditions. 
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The UPI-452 provides 
a total of eight interrupt 
sourc· 
es (Table 
6). Their operation 
is the same as in the 
80C51 , with 
the 
addition 
of 
three 
new 
interrupt 


sources 
for the 
UPI·452 
FIFO 
and 
DMA features. 


These added interrupts 
have their enable and priori- 
ty bits in the Interrupt 
Enable and Priority (IEP) SFR. 


The 
IEP SFR is in addition 
to the 80C51 
Interrupt 
Enable (IE) and Interrupt 
Priority (IP) SFRs. The add- 
ed interrupt 
sources 
are also globally enabled 
or dis- 
abled by the EA bit in the Interrupt 
Enable SFR. Ta- 
ble 6 lists the eight interrupt 
sources 
in order of pri- 
ority. 
Table 
7 lists the eight 
interrupt 
sources 
and 
their respective 
address 
vector 
location 
in program 


memory. 
(DMA interrupts 
are discussed 
in the "Gen- 


eral Purpose 
DMA Channels" 
section. 
Additional 
in- 
terrupt 
information 
for Timer/Counter, 
Serial 
Chan- 


nel, External 
Interrupt 
may be found in the Microcon- 
troller 
Handbook 
for the 80C51.) 


FIFO Module Interrupts 
to Internal CPU 


The FIFO module 
generates 
interrupts 
to the inter- 


nal 
CPU 
whenever 
the 
FIFO 
requests 
service 
or 


when a Data Stream Command 
is in the COMMAND 


IN SFR. The Input FIFO will request service whenev· 
er it becomes 
full or not empty depending 
on bit 1 of 
the Slave Control 
SFR (IFRS). Similarly, 
the Output 


Table 6. Interrupt Priority 


Interrupt Source 
Priority Level 
(highest) 
o 
1 
2 
3 
4 
5 
6 
7 
(lowest) 


Table 7. Interrupt Vector Addresses 
Interrupt Source 
Starting Address 


External 
Interrupt 0 
3 (003H) 


Internal Timer/Counter 
0 
11 (OOBH) 


External Interrupt 
1 
19 (013H) 


Internal Timer/Counter 
1 
27 (01 BH) 


Serial Channel 
35 (023H) 


FIFO - Slave Bus Interface 
43 (02BH) 


DMA Channel 
0 Request 
51 (033H) 


DMA Channel 
1 Request 
59 (03BH) 


External Interrupt 
0 
Internal Timer/Counter 
0 
DMA Channel 
0 Request 
External 
Interrupt 
1 
DMA Channel 
1 Request 
Internal Timer/Counter 
1 
FIFO - Slave Bus Interface 
Serial Channel 


FIFO 
requests 
service 
when 
it becomes 
empty 
or 


not full as determined 
by bit 0 of the Slave Control 


SFR 
(OFRS). 
Request 
for 
Service 
interrupts 
are 


generated 
only if enabled 
by the internal CPU via the 


Interrupt 
Enable 
SFR, and the Slave Control 
Regis- 


ter. 


A 
Data 
Stream 
Command 
Interrupt 
is generated 


whenever 
there 
is a Data Stream 
Command 
in the 


COMMAND 
IN SFR. 
The 
interrupt 
is generated 
to 


ensure 
that the internal 
interrupt 
is recognized 
be- 


fore another 
instruction 
is executed. 


Immediate 
Command 
Interrupts 


a. An Immediate 
Command 
IN interrupt 
is generat- 
ed, if enabled, 
to the internal 
CPU when the Host 
has written 
to the Immediate 
Command 
IN (IMIN) 
SFR. The write operation 
clears the Slave Status 
SFR bit (SST AT SST2) and sets the Host Status 
SFR bit (HSTAT 
HST2) to indicate 
that a byte is 
present 
in 
the 
Immediate 
Command 
IN 
SFR. 


When the internal CPU reads the Immediate 
Com- 
mand IN (1MIN) SFR the Slave Status SFR status 
bit is set, and the 
Host Status 
SFR status 
bit is 
cleared 
indicating 
the IMIN SFR is empty. 
Clear- 
ing the Host Status SFR bit will cause a Request 
For Service 
(INTRQ) interrupt, 
if enabled, 
to signal 
the Host that the IMIN SFR is empty. 
(See Figure 
7a, Immediate 
Command 
IN Flowchart.) 


b. An- Immediate 
Command 
OUT interrupt 
is gener- 
ated, 
if enabled, 
to the 
internal 
CPU when 
the 
Host 
has 
read 
the 
Immediate 
Command 
OUT 
SFR. 
The 
Host 
read 
causes 
the 
Slave 
Status 


Interrupt 
Enable SFR (IE) 
Symbolic 
Address 


IE 


Immediate 
Command 
OUT bit (SST AT SST6) 
to 
be 
set 
and 
the 
corresponding 
Host 
Status 
bit 
(HST AT HST6) to be cleared 
indicating 
the SFR is 
empty. When the internal CPU writes to the Imme- 
diate Command 
OUT SFR, the Host Status 
bit is 
set and Slave Status bit is cleared 
to indicate 
the 
SFR is full. (See Figure 7b, Immediate 
Command 
OUT Flowchart.) 


NOTE: 
Immediate 
Command 
IN and OUT interrupts 
are ac- 
tually specific 
FIFO-Slave 
Interface 
interrupts 
to the 
internal 
CPU. 


One instruction 
from the main program 
is executed 
between 
two consecutive 
interrupt 
service 
routines 
as in the 80C51. 
However, 
if the second 
interrupt 
service 
routine 
is due to a Data Stream 
Command 
Interrupt, 
the main program 
instruction 
is not execut- 


ed (to prevent 
misreading 
of invalid data). 


Each of the three interrupt 
special function 
registers 
(IE, IP and IEP) is listed below with its corresponding 
bit definitions. 


Physical 
Address 


OA8H 


Symbol 
Position 
Function 


EA 
IE7 
Enables all interrupts. 
If EA = 0, no interrupt 
will be 
acknowledged. 
If EA = 1, each interrupt 
source is 
individually 
enabled 
or disabled 
by setting or clearing 
its 
enable bit. 
- 
IE6 
(reserved) 
- 
IE5 
(reserved) 
ES 
lEA 
Serial Channel 
interrupt 
enable 
ET1 
IE3 
Internal Timer/Counter 
1 Overflow 
Interrupt 
EX1 
IE2 
External 
Interrupt 
Request 
1. 


ETO 
IE1 
Internal Timer/Counter 
0 Overflow 
Interrupt 
EXO 
IEO 
External 
Interrupt 
Request 
O. 
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Interrupt 
Priority SFR (IP) 


A priority level of 0 or 1 may be assigned 
to each interrupt 
source, with 1 being higher priority level, through 
the 
IP and the IEP (Interrupt 
Enable and Priority) SFR. A priority level of 1 interrupt 
can interrupt 
a priority 
level 0 
service 
routine 
to allow nesting 
of interrupts. 


Symbolic 
Address 


IP 


Physical 
Address 


OB8H 


Symbol 
Position 
Function 
Priority 
Within 
A Level 


(lowest) 
- 
I 
IP.7 
(reserved) 
- 
- 
IP.6 
(reserved) 
- 
- 
IP.5 
(reserved) 
- 
PS 
IPA 
Local Serial Channel 
0.7 
PT1 
IP.3 
Internal Timer/Counter 
1 
0.5 
PX1 
IP.2 
External 
Interrupt 
Request 
1 
0.3 
PTO 
IP.1 
Internal Timer/Counter 
0 
0.1 
PXO 
IP.O 
External 
Interrupt 
Request 
0 
0.0 
(highest) 


The Interrupt 
Enable and Priority Register establishes 
the enabling 
and priority of those resources 
not covered 
in the Interrupt 
Enable and Interrupt 
Priority SFRs. 


Symbolic 
Address 


IEP 
I__ 
~ 
PFIFO I EDMAO I EDMA 1 I PDMAO I PDMA 1 I EFIFO I 


(MSB) 
(LSB) 


Physical 
Address 


OF8H 


Priority 


Symbol 
Position 
Function 
Within a 
Level 
- 
IEP.7 
(reserved) 
- 
IEP.6 
(reserved) 
PFIFO 
IEP.5 
FIFO Slave Bus Interface 
Interrupt 
Priority 
0.6 
EDMAO 
IEPA 
DMA Channel 
0 Interrupt 
Enable 
EDMA1 
IEP.3 
DMA Channel 
1 Interrupt 
Enable 
PDMAO 
IEP.2 
DMA Channel 
0 Priority 
0.2 
PDMA1 
IEP.1 
DMA Channel 
1 Priority 
0.4 
EFIFO 
IEP.O 
FIFO Slave Bus Interface 
Interrupt 
Enable 


FIFO-EXTERNAL 
HOST INTERFACE 
FIFO DMA FREEZE 
MODE 


Overview 


During FIFO DMA Freeze Mode the internal CPU 
can reconfigure the 
FIFO interface. FIFO DMA 
Freeze Mode is provided to prevent the Host from 
accessing the FIFO during a reconfiguration se- 
quence. The 
internal 
CPU invokes 
FIFO DMA 
Freeze Mode by clearing bit 3 of the Slave Control 
SFR (SC3). INTRQ becomes active whenever FIFO 
DMA Freeze Mode is invoked to indicate the freeze 
status. The interrupt can only be deactivated by the 
Host reading the Host Status SFR. 


During FIFO DMA Freeze Mode only two operations 
are possible by the Host to the UPI-452 slave, the 
balance are disabled, as shown in Table 8. The in- 
ternal DMA is disabled during FIFO DMA Freeze 
Mode, and the internal CPU has write access to all 
of the FIFO control SFRs (Table 9). 


At power on reset the FIFO Host interface is auto- 
matically frozen. The Slave Control Enable FIFO 
DMA Freeze Mode bit defaults to FIFO DMA Freeze 
Mode (SLCON FRZ=0). Below is a list of the FIFO 


Special Function Registers and their default power 
on reset values; 


SFR Name 
Label 
Value 


Channel Boundary Pointer 
CBP 
40H / 640 
Output Channel Read Pointers ORPR 
40H / 640 
Output Channel Write Pointers OWPR 40H / 640 
Input Channel Read Pointers 
IRPR 
OOH/ 000 
Input Channel Write Pointers 
IWPR 
OOH/ 000 
Input Threshold 
ITHR 
80H / 1280 
Output Threshold 
OTHR 
01H / 10 


The Input and Output FIFO channels can be recon- 
figured by programming any of these SFRs while the 
UPI-452 is in the Freeze Mode. The Host is notified 
when the Freeze Mode is active by a "1" in HST1 of 
the Host Status Register (HSTAT). The Host should 
interrogate HST1 to determine the status of the 
FIFO interface following reset before attempting to 
read from or write to the UPI-452 FIFO buffer. 


NOTE: 
During the initialization sequence of the UPI-452 
FIFO SFRs, the OTHR should be changed from the 
default setting of 1 to a value between 2 and 
{(80H-CBP)-11. Ple.aserefer to the section on Input 
and Output FIFO threshold SFRs for further infor- 
mation. 


Interface 
Pins; 
CS 
A2 
A1 
AO 
READ 
WRITE 
Operation 
In 
Status In 
DACK 
Normal Mode 
FIFO DMA Freeze 
Mode 


1 
0 
0 
1 
0 
0 
1 
Read Host Status SFR 
Operational 


1 
0 
0 
1 
1 
0 
1 
Read Host Control SFR 
Operational 


1 
0 
0 
1 
1 
1 
0 
Write Host Control SFR 
Disabled 


1 
0 
0 
0 
0 
0 
1 
Data or DMA Data from 
Disabled 
Output Channel 


1 
0 
0 
0 
0 
1 
0 
Data or DMA Data to 
Disabled 
Input Channel 


1 
0 
0 
0 
1 
0 
1 
Data Stream Command from 
Disabled 
Output Channel 


1 
0 
0 
0 
1 
1 
0 
Data Stream Command to 
Disabled 
Input Channel 


1 
0 
1 
0 
0 
0 
1 
Read Immediate Command 
Disabled 
Out from Output Channel 


1 
0 
1 
0 
0 
1 
0 
Write Immediate Command 
Disabled 
In to Input Channel 


0 
X 
X 
X 
X 
0 
1 
DMA Data from Output 
Disabled 
Channel 


0 
X 
X 
X 
X 
1 
0 
DMA Data to Input Channel 
Disabled 


The UPI-452 can also be programmed to interrupt 
the Host following power on reset in order to indi- , 
cate to the Host that FIFO DMA Freeze Mode is in 
progress. This is done by enabling the INTRQ inter- 
rupt output pin via the MODE SFR (MD4) before the 
Slave Control SFR Enable FIFO DMA Freeze Mode 
bit is set to Normal Mode. At power on reset the 
Mode SFR is forced to zero. This disables all inter- 
rupt 
and 
DMA 
output 
pins 
(INTRQ, 
DRQIN/ 
INTRQIN and DRQOUT/INTRQOUT). Because the 
Host Status SFR FIFO DMA Freeze Mode In Prog- 
ress bit is set, a Request For Service, INTRQ, inter- 
rupt is pending until the Host Status SFR is read. 
This is because the FIFO DMA Freeze Mode inter- 
rupt is always enabled. If the Slave Control FIFO 
DMA Freeze Mode bit (SLCON FRZ) is set to Nor- 
mal Mode before the MODE SFR INTRQ bit is en- 
abled, the INTRQ output will not go active when the 
MODE SFR INTRQ bit is enabled if the Host Status 
SFR has been read. 


The default values for the FIFO and Slave Interface 
represents minimum UPI-452 internal initialization. 
No specific Special Function Register initialization is 
required to begin operation of the FIFO Slave Inter- 
face. The last initialization instruction must always 
set the UPI-452 to Normal Mode. This causes the 
UPI-452 to exit FIFO DMA Freeze Mode and en- 
ables Host read/write access of the FIFO. 


Following reset, either hardware (via the RST pin) or 
software (via HCON SFR bit HC3) the UPI-452 re- 
quires 2 internal machine cycles (24 TCLCL) to up- 
date all internal registers. 


Invoking FIFO DMA Freeze Mode 
During Normal Operation 


When the UPI-452 is in normal operation, FIFO DMA 
Freeze Mode should not be arbitrarily invoked by 
clearing SC3 (SC3=0) because the external Host 
runs asynchronously to the internal CPU. Invoking 


INTRQ ..J 
~ 
_ 


FIFO DMA Freeze Mode without first stopping the 
external Host from accessing the UPI-452 will not 
guarantee a clean break with the external Host. 


The proper way to invoke FIFO DMA Freeze Mode is 
by issuing an Immediate Command to the external 
host indicating that FIFO DMA Freeze Mode will be 
invoked. Upon receiving tlW Immediate Command, 
the external Host should complete servicing all 
pending interrupts and DMA requests, then send an 
Immediate Command back to the UPI-452 acknowl- 
edging the FIFO DMA Freeze Mode request. After 
issuing the first Immediate Command, the internal 
CPU should not perform any action on the FIFO until 
FIFO DMA Freeze Mode is invoked. 


If FIFO DMA Freeze Mode is invoked without stop- 
ping the Host during Host transfers, only the last two 
bytes of data written into or read from the FIFO will 
be valid. The timing diagram for disabling the FIFO 
module to the external Host interface is illustrated in 
Figure 12. Due to this synchronization sequence, the 
UPI-452 might not go into FIFO DMA Freeze Mode 
immediately after SC3 is cleared. A special bit in the 
Slave Status Register (SST5) is provided to indicate 
the status of the FIFO DMA Freeze Mode. The FIFO 
DMA Freeze Mode operations described in this sec- 
tion are only valid after SST5 is cleared. 


As FIFO DMA Freeze Mode is invoked, the DRQIN 
or DRQOUT will be deactivated (stopping the trans- 
ferring of data), bit 1 of the Host Status SFR will be 
set (HST1= 1), and SST5 will be cleared (SST5= 0) 
to indicate to the external Host and internal CPU 
that the slave interface has been frozen. After the 
freeze becomes effective, any attempt by the exter- 
nal Host to access the FIFO will cause the overrun 
and underrun bits to be activated (bits HST7 (for 
reads) or HST3 (for writes». These two bits, HST3 
and HST7, will be set (deactivated) after the Host 
Status SFR has been read. If INTRQ is used to re- 
quest service, the FIFO interface is frozen upon 
completion of any Host read or write operation in 
progress. 


r;-:. 
I•~•• 
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Figure 12. Disabling FIFO to Host Slave Interface Timing Diagram 
13-34 


inter 


External Host writing to the Immediate Command In 
SFR and the Host Control SFR is also inhibited 
when the slave bus interface is frozen. Writing to 
these two registers after FIFO DMA Freeze Mode is 
invoked will also cause HST3 (overrun) to be activat- 
ed (HST3= 0). Similarly, reading the 
Immediate 
Command Out Register by the external Host is dis- 
abled during FIFO DMA Freeze Mode, and any at- 
tempt to do so will cause the clearing (deactivating, 
"0") of HST7 bit (underrun). 


After the slave bus interface is frozen, the internal 
CPU can perform the following operations on the 
FIFO Special Function Registers (these operations 
are allowed only during FIFO DMA Freeze Mode). 


For FIFO 
Reconfiguration 
1. Changing the Channel 
Boundary Pointer SFR. 
2. Changing the Input and 
Output Threshold SFR. 


To Enhance the 
Testability 
3. Writing to the read and write 
pointers of the Input and 
Output FIFO's. 


4. Writing to and reading the 
Host Control SFRs. 


5. Controlling some bits of Host 
and Slave Status SFRS. 
6. Reading the Immediate 
Command Out SFR and 
Writing to the Immediate 
Comand In SFR. 


Description 
of each of these special 
functions 
are as follows: 


FIFO Module SFRs During 
FIFO DMA Freeze Mode 


Table 9 summarizes the characteristics of all the 
FIFO Special Function Registers during normal and 
FIFO DMA Freeze Modes. The registers that require 
special treatment in FIFO DMA Freeze Mode are: 
HCON, 
IWPR, 
IRPR, 
OWPR, 
ORPR, 
HSTAT, 
SSTAT, MIN & MOUT SFRs. They can be described 
in detail as follows: 


During normal operation, this register is written to or 
read by the external Host. However, in FIFO DMA 
Freeze Mode (I.e. SST5=0) the UPI-452 internal 
CPU has write access to the Host Control SFR and 
write operations to this SFR by the external Host will 
not be accepted. If the Host attempts to write to 


HCON, the 
Input Channel 
error 
condition 
flag 
(HST3) will be cleared. 


Input FIFO Pointer Registers 
(IRPR & IWPR) 


Once the FIFO module is in FIFO DMA Freeze 
Mode, error flags due to overrun and underrun of the 
Input FIFO pointers will be disabled. Any attempt to 
create an overrun or underrun condition by changing 
the Input FIFO pointers would result in an inconsist- 
ency in performance between the status flag and the 
threshold counter. 


To enhance the speed of the UPI-452, read opera· 
tions on the Input FIFO will look ahead by two bytes. 
Hence, every time the IRPR is changed during FIFO 
DMA Freeze Mode, two NOPs need to be executed 
so that the two byte pipeline can be updated with the 
new data bytes pointed to by the new IRPR. The 
Threshold Counter SFR also needs to change by the 
same number of 
bytes as the 
IRPR (increase 
Threshold Counter if IRPR goes forward or decrease 
if IRPR goes backward). This will ensure that future 
interrupts will still be generated only after a thresh- 
old number of bytes are available. (See "Input and 
Output FIFO Threshold SFR" section below.) 


In FIFO DMA Freeze Mode, the internal CPU can 
also change the content of IWPR, and each change 
of IWPR also requires an update of the Threshold 
Counter SFR. 


Normally, the internal CPU cannot write into the In- 
put FIFO. It can, however, during FIFO DMA Freeze 
Mode by first reconfiguring the FIFO as an Output 
FIFO (Refer to "Input and Output FIFO Threshold 
SFR" section below). Changing the IRPR to be 
equal to IWPR generates an empty condition while 
changing IWPR to be equal to IRPR generates a full 
condition. The order in which the pointers are written 
determines whether a full or empty condition is gen- 
erated. 


Output FIFO Pointer SFR 
(ORPR and OWPR) 


In FIFO DMA Freeze Mode the contents of OWPR 
can be changed by the internal CPU, but each 
change of OWPR or ORPR,requires the Threshold 
Counter SFR to be updated as described in the next 
section. A NOP must be executed whenever a new 
value is written into ORPR, as just described for 
changes to IRPR. As before, changing ORPR to be 
equal to OWPR will generate an empty condition, 
Output FIFO overrun or underrun condition cannot 
be generated though. The FIFO pointers should not 
be set to a value outside of its range. 


inter 


Normal 
FIFO DMA Freeze 
Mode 
Label 
Name 
Operation 
Operation 
(SSTS = 1) 
(SSTS = 0) 


HCON 
Host Control 
J h 
Not Accessible 
Read & Write 


HSTAT 
Host Status 
Read Only 
Read & Write 4 


SLCON 
Slave Control 
Read & Write 
Read & Write 


SSTAT 
Slave Status 
Read Only 
Read & Write 4 


IEP 
Interrupt 
Enable & Priority 
Read & Write 
Read & Write 


MODE 
Mode Register 
Read & Write 
Read & Write 


IWPR 
Input FIFO Write Pointer 
Read Only 
Read & Write 5 


IRPR 
Input FIFO Read Pointer 
Read Only 
Read & Write 1, 5 


OWPR 
Output FIFO Write Pointer 
Read Only 
Read & Write 6 


ORPR 
Output FIFO Read Pointer 
Read Only 
Read & Write 2, 6 


CBP 
Channel 
Boundary 
Pointer 
Read Only 
Read & Write 3 


IMIN 
Immediate 
Command 
In 
Read Only 
Read & Write 


IMOUT 
Immediate 
Command 
Out 
Read & Write 
Read & Write 


FIN 
FIFO IN 
Read Only 
Read Only 


CIN 
COMMAND 
IN 
Read Only 
Read Only 


FOUT 
FIFO OUT 
Read & Write 
Read & Write 


COUT 
COMMAND 
OUT 
Read & Write 
Read & Write 


ITHR 
Input FIFO Threshold 
Read Only 
Read & Write 


OTHR 
Output FIFO Threshold 
Read Only 
Read & Write 


NOTES: 
1. Writing 
of IRPR will automatically 
cause 
the FIFO IN SFR to load the contents 
of the Input FIFO from that location. 
2. Writing 
to ORPR 
will automatically 
cause 
the IOBL SFR to load the contents 
of the Output 
FIFO at that ORPR address. 


3. Writing 
to the CBP SFR will cause 
automatic 
reset of the four pointers 
of the Input and Output 
FIFO channels. 


4. The 
internal 
CPU 
cannot 
directly 
change 
the 
status 
of these 
registers. 
However, 
by changing 
the 
status 
of the 
FIFO 
channels, 
the internal 
CPU can indirectly 
change 
the contents 
of the status 
registers. 
5. Changing 
the Input FIFO Read/Write 
Pointers 
also requires 
that a consistent 
update 
of the Input FIFO Threshold 
Counter 
SFR. 


6. Changing 
the 
Output 
FIFO 
Read/Write 
Pointers 
also 
requires 
that 
a consistent 
update 
of the 
Output 
FIFO 
Threshold 
Counter 
SFR. 


Input and Output FIFO Threshold 
SFR 
(ITHR & OTHR) 


The Input and Output FIFO Threshold SFRs are also 
programmable by the internal CPU during FIFO DMA 
Freeze Mode. For proper operation of the Threshold 
feature, the Threshold SFR should be changed only 
when the Input and Output FIFO channels are emp- 
ty, since they reflect the current number of bytes 
available to read/write before an interrupt is gener- 
ated. 


Table 10 illustrates the Threshold SFRs range of 
values and the number of bytes to be transferred 
when the Request For Service Flag is activated: 


Table 
10. Threshold 
SFRs Range of Values and 
Number 
of Bytes to be Transferred 


ITHR 
No. of Bytes 
OTHR 
No. of Bytes 
{lower 
Available to 
(lower 
Available to 
seven bits) 
be Written 
seven bits) 
be Read 


0 
CBP 
2 
3 
1 
CBP-1 
3 
4 
2 
CBP-2 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
(80H-CBP)-3 (80H-CBP)-2 
CBP-3 
3 
(80H-CBP)-2(80H-CBP)-1 
(80H-CBP)-1(80H-CBP) 


The eighth bit of the Input and Output FIFO Thresh- 
old SFR indicates the status of the service requests 
regardless of the freeze condition. If the eighth bit is 
a "1", the FIFO is requesting service from the exter- 
nal Host. In other words, when the Threshold SFR 
value goes below zero (2's complement), a service 
request is generated". "The 8th bit of the ITHR SFR 
must be set during initialization if the Host interrupt 
request is desired immediately upon leaving Freeze 
Mode. Normally the ITHR SFR is decremented after 
each external Host write to the Input FIFO and incre- 
mented after each internal CPU read of the Input 
FIFO. The OTHR SFR is decremented by internal 
CPU writes and incremented by external Host reads. 
Thus if the pointers are moved when the FIFO's are 
not empty, these relationships can be used to calcu- 
late the offset for the Threshold SFRs. It is best to 
change the Threshold SFRs only when the FIFO's 
are empty to avoid this complication. The threshold 
registers should also be updated after the pointers 
have been manipulated. 


NOTE: 
The ITHR should only be programmed in the range 
from 0 to (CBP-3). An ITHR value of (CBP-2) could 
result in a failure to set the Input FIFO service re- 
quest signal after the Input FIFO has been emptied. 


Correspondingly, the OTHR should be programmed 
in the range from 2 to {(80H-CBP)-1}. An OTHR 
value of 1 could result in a failure to set the Output 
FIFO service request after subsequent writes by the 
UPI-452 have filled the Output FIFO. 


NOTE: 
When programming the ITHR SFR, the eighth bit 
should be set to 1 (OR'd with 80H). This causes 
HSTAT SFR HSTO = 0, Input FIFO Request For 
Service. If ITHR bit 7 = 0 then HSTAT HSTO = 1, 
Input FIFO Does Not Request Service, and no in- 
terrupt will be generated. 


When in FIFO DMA Freeze Mode, some bits in the 
Host Status SFR are forced high and will not reflect 
the new status until the system returns to normal 
operation. The definition of the register in FIFO DMA 
Freeze Mode is as follows: 


NOTE: 
The internal CPU reads this shadow latch value 
when reading the Host Status SFR. The shadow 
latch will keep the information for these bits so nor- 
mal operation can be resumed with the right status. 
The following bits are set (= 1) when FIFO DMA 
Freeze Mode is invoked; 
HST7 Output FIFO Error Condition Flag 
1 = No error. 
o = An invalid read has been done on the 
output FIFO or the Immediate Command 
Out Register by the host CPU. 


NOTE: 
The normal underrun error condition status is dis- 
abled. If an Immediate Command Out (IMOUT) 
SFR read is attempted during FIFO DMA Freeze 
Mode, the contents of the IMOUT SFR is output on 
the Data Buffer and the error status is cleared 
(= 0). 


HST6 Immediate Command Out SFR Status 
During normal operation, this bit is cleared 
(= 0) when the IMOUT SFR is written by the 
UPI-452 internal CPU and set (= 1) when the 
IMOUT SFR is read by the external Host. 
Once the host-slave interface is frozen (Le. 
SST5 = 0), this bit will be read as a 1 by the 
host CPU. A shadow latch will keep the infor- 
mation for this bit so normal operation can be 
resumed with the correct status. 
Shadow latch: 
1 = Internal CPU reads the IMOUT SFR 
o = Internal CPU writes to the IMOUT SFR 


This bit is forced to a "1" during FIFO DMA 
Freeze Mode to prevent the external host 
CPU from trying to read the DSC. Once nor- 
mal operation is resumed, HST5 will reflect 
the Data/Command status of the current byte 
in the Output FIFO. 


Shadow Latch (read by the internal CPU): 
1 = No Data Stream Command (DSe) 
o = Data Stream Command at Output FIFO 
HST4 Output FIFO Service Request Status 
When FIFO DMA Freeze Mode is invoked, 
this bit no longer reflects the Output FIFO Re- 
quest Service Status. This bit wll be forced to 
a 1£1", 


HST3 Input FIFO Error Condition Flag 
1 = No error. 
o = One of the following operations has 
been attempted by the external host and 
is invalid: 
1) Write into the Input FIFO 
2) Write into the Host Control SFR 
3) Write into the Immediate Command In 
SFR 


NOTE: 
The normal Input FIFO overrun condition is dis- 
abled. 
HST2 Immediate Command In SFR Status 
This bit is normally cleared when the internal 
CPU reads the 1MIN SFR and set when the 
external host CPU writes into the IMIN SFR. 
When the host-slave interface is frozen, read- 
ing and writing of the IMIN by the internal 
CPU will change the shadow latch of this bit. 
This bit will be read as a "1" by the external 
Host. 


Shadow latch. 
1 = Internal CPU writes into IMIN SFR 
o = Internal CPU reads the IMIN SFR 
HST1 FIFO DMA Freeze Mode Status 
1 = FIFO DMA Freeze Mode. 
o = Normal 
Operation 
(non-FIFO 
DMA 
Freeze Mode). 


NOTE: 
This bit is used to indicate to the external Host that 
the host-slave interface has been frozen and hence 
the external Host functions are now reduced as 
shown in Table 8. 


HSTO Input FIFO Request Service Satus 
When slave interface is frozen this bit no 
longer reflects the Input FIFO Request Serv- 
ice Status. This bit will be forced to a "1". 


The Slave Status SFR is a read-only SFR. However, 
once the slave interface is frozen, most of the bits of 
this SFR can be changed by the internal CPU by 
reconfiguring the FIFO and accessing the FIFO Spe- 
cial Function Registers. 


SST7 Output FIFO Overrun Error Flag 


Inoperative in FIFO DMA Freeze Mode. 


SST6 Immediate Command Out SFR Status 


In FIFO DMA Freeze Mode, this bit will be 
cleared when the internal CPU reads the Im- 
mediate Command Out SFR and set when 
the internal CPU writes to the Immediate 
Command Out Register. 


SST5 FIFO-External Interface FIFO DMA Freeze 


Mode Status 
This bit indicates to the internal CPU that 
FIFO DMA Freeze Mode is in progress and 
that it has write access to the FIFO Control, 
Host control and Immediate Command SFRs. 


SST4 Output FIFO Request Service Status 


During normal operation, this bit indicates to 
the internal CPU that the Output FIFO is 
ready for more data. The status of this bit re- 
flects the position of the Output FIFO read 
and write pointers. Hence, in FIFO DMA 
Freeze Mode, this flag can be changed by the 
internal CPU indirectly as the read and write 
pointers change. 
SST3 Input FIFO Underrun Flag 
Inoperative during FIFO DMA Freeze Mode. 
During normal operation, a read operation 
clears (= 0) this bit when there are no data 
bytes in the Input FIFO and deactivated (= 1) 
when the Slave Status SFR is read. In FIFO 
DMA Freeze Mode, this bit will not be cleared 
by an Input FIFO read underrun error condi- 
tion, nor will it be reset by the reading of the 
Slave Status SFR. 


SST2 Immediate Command In SFR Status 
This bit is normally activated (= 0) when the 
external host CPU writes into the Immediate 
Command In SFR and deactivated 
(= 1) 


when it is read by the internal CPU. In FIFO 
DMA Freeze Mode, this bit will not be activat- 
ed (= 0) by the external Host's writing of the 
Immediate Command IN SFR since this func- 
tion is disabled. However, this bit will be 
cleared (= 0) if the internal CPU writes to the 
Immediate Command In SFR and it will be set 
= 1) if it reads from the register. 


inter 


SST1 Data Stream Command at Input FIFO Flag 
In FIFO DMA Freeze Mode, this bit operates 
normally. It indicates whether the next byte of 
data from the Input FIFO is a DSC or data 
byte. If it is a DSC byte, reading from the 
FIFO IN SFR will result in reading invalid data 
(FFH) and vice versa. In FIFO DMA Freeze 
Mode, this bit still reflects the type of data 
byte available from the Input FIFO. 
SSTO Input FIFO Service Request Flag 
During normal operation, this bit is activated 
(= 0) when the Input FIFO contains bytes that 
can be read by the internal CPU and deacti- 
vated (= 1) when the Input FIFO does not 
need any service from the internal CPU. In 
FIFO DMA Freeze Mode, the status of this bit 
should not change unless the pointers of the 
Input FIFO are changed. In this mode, the in- 
ternal CPU can indirectly change this bit by 
changing the read and write pointers of the 
Input FIFO but cannot change it directly. 


Immediate 
Command 
In/Out 
SFR 
(IMINIIMOUn 


If FIFO DMA Freeze Mode is in progress, writing to 
the Immediate Command In SFR by the external 
host will be disabled, and any such attempt will 
cause HST3 to be cleared (= 0). Similarly,the Imme- 
diate Command Out SFR read operation (by the 
host) will be disabled internally and read attempts 
will cause HST7 to be cleared (= 0). 


Internal CPU Read and Write of the 
FIFO During FIFO DMA Freeze Mode 


In normal operation, the Input FIFO can only be read 
by the internal CPU and similarly, the Output FIFO 
can only be written by the internal CPU. During FIFO 
DMA Freeze Mode, the internal CPU can read the 
entire contents of the Input FIFO by programming 
the CBP SFR to 7FH, setting the IRPR SFR to zero, 
and then the IWPR SFR to zero. Programming the 
pointer registers in this order generates a FIFO full 
signal to the FIFO logic and enables internal CPU 
read operations. If the IWPR and IRPR are already 
zero, the write pointer should be changed to a non- 
zero value to clear the empty status then the point- 
ers can be set to zero. Writing to the IRDR SFR 
automatically updates the look ahead registers. 


In a similar manner, the internal CPU can write to all 
128 bytes of the FIFO by setting the CBP SFR to 
zero, setting OWPR SFR to zero, and then setting 


ORPR SFR to zero. This generates a FIFO empty 
signal and allows internal CPU write operations to all 
128 bytes of the FIFO. The Threshold registers also 
need to be adjusted when the pointers are changed. 
(See "Input and Output FIFO Threshold SFR" sec- 
tion below.) 


The UPI-452 has separate address spaces for Pro- 
gram Memory and Data Memory like the 80C51. The 
Program Memory can be up to 64K bytes. The lower 
8K of Program Memory may reside on-chip. The 
Data Memory consists of 256 bytes of on-chip RAM, 
up to 64K bytes of off-chip RAM and a number of 
"SFRs" (Special Function Registers) which appear 
as yet another set of unique memory addresses. 


Table 11a. Internal 
Memory 
Addressing 


Memory 
Space 
Addressing 
Method 


Lower 128 Bytes of 
Direct or Indirect 
Internal RAM 


Upper 128 Bytes 
Indirect Only 
of Internal RAM 


UPI-452SFR's 
Direct Only 


The 80C51 Special Function Registers are listed in 
Table 11a, and the additional UPI-452 SFRs are list· 
ed in Table 11b. A brief description of the 80C51 
core SFRs is also provided below. 


As in the 80C51, accesses to external memory are 
of two types: Accesses to external Program Memory 
and accesses to external Data Memory. 


External Program Memory is accessed under two 
conditions: 
1) Whenever signal EA = 0; or 
2) Whenever the program counter (PC) contains a 
number that is larger than 1FFFH. 


This requires that the ROMless versions have EA 
wired low to enable the lower 8K program bytes to 
be fetched from external memory. 


External Data Memory is accessed using either the 
MOVX @DPTR(16 bit address) or the MOVX @Ri(8 
bit address) instructions, or during external data 
memory transfers. 


Symbol 
Name 
Address 
Contents 


°ACC 
Accumulator 
OEOH 
OOH 
°B 
B Register 
OFOH 
OOH 
°PSW 
Program Status 
ODOH 
OOH 
Word 
SP 
Stack Pointer 
81H 
07H 
DPTR 
Data Pointer 
82H 
OOOOH 
(consisting 
of DPH 
and DPL) 
°pO 
Port 0 
80H 
OFFH 
°p1 
Port 1 
90H 
OFFH 
°p2 
Port 2 
OAOH 
OFFH 
°p3 
Port 3 
OBOH 
OFFH 
°IP 
Interrupt 
Priority 
OB8H 
OEOH 
Control 
olE 
Interrupt 
Enable 
OA8H 
60H 
Control 
TMOD 
Timer/Counter 
89H 
OOH 
Mode Control 


°TCON 
Timer/Counter 
88H 
OOH 
Control 
THO 
Timer/Counter 
8CH 
OOH 
o (high byte) 
TLO 
Timer/Counter 
8AH 
OOH 
o (low byte) 
TH1 
Timer/Counter 
8DH 
OOH 
1 (high byte) 
TL1 
Timer/Counter 
8BH 
OOH 
1 (low byte) 
°SCON 
Serial Control 
98H 
OOH 
SBUF 
Serial Data Buff 
99H 
I 
PCON 
Power Control 
87H 
IOH 


I = Indeterminate 
The SFRs marked with an asterisk (oJ are both bit- and 
byte- addressable. The functions of the SFRs are as fol- 
lows: 


Table 
11c. UPI·452 Additional 
Special 
Function 
Registers 


Symbol 
Name 
Address 
Contents 


BCRLO 
DMA Byte 
OE2H 
I 
Count Low Byte/ 


BCRHO 
High Byte/ 
OE3H 
I 
Channel 
0 


BCRl1 
low 
Byte/ 
OF2H 
I 


BCRH1 
Hi Byte/ 
OF3H 
I 
Channel 
1 


CBP 
Channel 
Boundary 
OECH 
40H 
Pointer 


CIN 
COMMAND 
IN 
OEFH 
I 


COUT 
COMMAND 
OUT 
OFFH 
I 
DMA Destination 
Address 


Table 
11c. UPI·452 Additional 
Special 
Function 
Registers 
(Continued) 


Symbol 
Name 
Address 
Contents 


DARLO 
low 
Byte/ 
OC2H 
I 


DARHO 
Hi Byte/ 
OC3H 
I 
Channel 
0 


DARL1 
Low Byte/ 
OD2H 
I 


DARH1 
Hi Byte/ 
OD3H 
I 
Channel 
1 


DCONO 
DMAO Control 
92H 
OOH 


DCON1 
DMA 1 Control 
93H 
OOH 


FIN 
FIFO IN 
OEEH 
I 


FOUT 
FIFO OUT 
OFEH 
I 


HCON 
Host Control 
OE7H 
OOH 


HSTAT 
Host Status 
OE6H 
OFBH 


°IEP 
Interrupt 
Enable 
OF8H 
OCOH 
and Priority 


1MIN 
Immediate 
Command 
OFCH 
I 
In 


IMOUT 
Immediate 
Command 
OFDH 
I 
Out 


IRPR 
Input Read 
OEBH 
OOH 
Pointer 


ITHR 
Input FIFO 
OF6H 
80H 
Threshold 


IWPR 
Input Write 
OEAH 
OOH 
Pointer 


MODE 
Mode Register 
OF9H 
8FH 


ORPR 
Output Read 
OFAH 
40H 
Pointer 


OTHR 
Output FIFO 
OF7H 
01H 
Threshold 


OWPR 
Output Write 
OFBH 
40H 
Threshold 


°p4 
Port 4 
OCOH 
OFFH 
DMA Source Address 


SARLO 
Low Byte/ 
OA2H 
I 


SARHO 
Hi Byte/ 
OA3H 
I 
Channel 
0 


SARL1 
Low Byte/ 
OB2H 
I 


SARH1 
Hi Byte/ 
OB3H 
I 
Channel 
1 


°SLCON 
Slave Control 
OE8H 
04H 


SSTAT 
Slave Status 
OE9H 
08FH 


I = Indeterminate 
The SFRs marked with an asterisk (oJ are both bit- and 
byte- addressable. The functions of the SFRs are as fol- 
lows: 


Miscellaneous 
Special Function 


Register Description 


80C51 SFRs 


ACC is the Accumuator SFR. The mnemonics for 
accumulator-specific instructions, however, refer to 
the accumulator simply as A. 


The B SFR is used during multiply and divide opera- 
tions. For other instructions it can be treated as an- 
other scratch pad regster. 


The PSW SFR contains program status information 
as detailed in Table 12. 


The Stack Pointer register is 8 bits wide. It is incre- 
mented before data is stored during PUSH and 
CALL executions. While the stack may reside any- 
where in on-chip RAM, the Stack Pointer is initialized 
to 07H after a reset. This causes the stack to begin 
at location 08H. 


The Data Pointer (DPTR) consists of a high byte 
(DPH) and a low byte (DPL). Its intended function is 
to hold a 16-bit address. It may be manipulated as a 
16-bit register or as two independent 8-bit registers. 


PO,P1, P2, P3 and P4 are the SFR latches of Ports 
0, 1, 2, 3 and 4, respectively. 


The Serial Data Buffer is actually two separate regis- 
ters, a transmit buffer and a receive buffer register. 
When data is moved to SBUF, it goes to the transmit 
buffer where it is held for serial transmission. (Mov- 
ing 
a 
byte 
to 
SBUF 
is 
what 
initiates 
the 


transmission.) When data is moved from SBUF, it 
comes from the receive buffer. 


Register pairs (THO,TLO), and (TH1, TL1) are the 
16-bit counting registers for Timer/Counters 0 and 2. 


The PCON Register (Table 13) controls the power 
down and idle modes in the UPI-452, as well as pro- 
viding the abiWtyto double the Serial Channel baud 
rate. There are also two general purpose flag bits 
available to the user. Bits 5 and 6 are used to set the 
HOLD/HOLD Acknowledge mode (see "General 
Purpose DMA Channels" section), and bit 4 is not 
used. 


inter 


Symbol 
Position 
Name 


CY 
PSW.7 
Carry Flag 
AC 
PSW.6 
Auxiliary Carry (For BCD operations) 
FO 
PSW.5 
Flag 0 (user assignable) 
RS1 
PSW.4 
Register 
Bank Select bit 1· 


RSO 
PSW.3 
Register 
Bank Select bit O· 


OV 
PSW.2 
Overflow 
Flag 
- 
PSW.1 
(reserved) 
P 
PSW.O 
Parity Flag 


CY 


(MSB) 


P 


(LSB) 


Physical 
Address 


ODOH 


Symbolic 
Address 


PSW 
FO 
I 
RS1 I 
RSO 
I_o_v 
_ 


RS1 
RSO 
Internal 
RAM Register 
Bank 


0 
0 
Bank 0 
0 
1 
Bank 1 
1 
0 
Bank 2 
1 
1 
Bank 3 


Symbolic 
Address 


PCON 


Symbol 
Position 
Function 


SMOD 
PCON7 
Double Baud rate bit. When set to a 
1, the baud rate is doubled when the 
serial port is being used in either 
Mode 1, 2 or 3. 


ARB 
PCON6 
HLD/HLDA 
Arbiter control 
bit • 


REO 
PCON5 
HLD/HLDA 
Requestor 
control 
bit • 
- 
PCON4 
(reserved) 
GF1 
PCON3 
General-purpose 
flag bit 
GFO 
PCON2 
General-purpose 
flag bit 
PD 
PCON1 
Power Down bit. Setting this bit 
activates 
power down operation. 


IDL 
PCONO 
Idle Mode bit. Setting this bit 
activates 
idle mode operation. 


SMOD 
ARB 
I_RE_O_I 
__ 
I_GF_1_1 
GFO I 
PD 


(MSB) 


IDL 


(LSB) 


Physical 
Address 


087H 


NOTE: 
If 1's are written 
to PO and IOL at the same time, PO takes 
precedence. 
The reset value of peON is (OOOXOOOO). 


inter 


Ambient 
Temperature 
Under Bias ..... 
O·C to 70·Ct 


Storage remperature 
- 65·C to + 150·C 


Voltage 
on Any 


I Pin to Vss 
-0.5VtoVcc 
+ 0.5V 


Voltage 
on Vcc to Vss 
-0.5V 
to + 6.5V 


Power Dissipation 
1.0W·· 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE' Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc + 0.5 
V 
(except XTAL 1, RST) 


VIH1 
Input High Voltage 
3.9 
Vcc + 0.5 
V 
(XTAL 1, RST) 
. 


VOL 
Output Low Voltage 
0.45 
V 
IOL = 1.6 mA (Note 1) 
(Ports 1,2, 3, 4) 


VOL1 
Output Low Voltage 
0.45 
V 
IOL = 3.2 mA (Note 1) 
(except 
Ports 1, 2, 3, 4) 


VOH 
Output High Voltage 
2.4 
V 
IOH = -60 
fJ-A,Vcc = 5V ± 10% 
(Ports 1, 2, 3, 4) 
0.9Vcc 
V 
IOH = -10 
fJ-A 


VOH1 
Output 
High Voltage 
2.4 
V 
IOH = -400 
fJ-A,Vcc = 5V ± 10% 
(except 
Ports 1, 2, 3, 4 and 
, 


Host Interface 
(Slave) Port) 
0.9Vcc 
V 
IOH = - 40 fJ-A(Note 2) 


VOH2 
Output High Voltage 
2.4 
, 


V 
IOH = -400 
fJ-A,Vcc = 5V ±10% 
(Host Interface 
(Slave) Port) 
Vcc.- 
0.4 
V 
IOH = -10 
fJ-A 


IlL 
Logical 0 Input Current 
-50 
fJ-A 
VIN = 0.45V 
(Ports 1, 2, 3, 4) 


ITL 
Logical 
1 to 0 Transition 
-650 
fJ-A 
VIN = 2V 
Current (Ports 1, 2, 3, 4) 


inter 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


III 
Input Leakage Current 
±10 
IJ-A 
0.45V < VIN < Vcc 
(except 
Ports 1, 2, 3, 4) 


loz 
Output Leakage Current 
±10 
IJ-A 
0.45V < VOUT < VCC 
(except 
Ports 1, 2, 3, 4) 


Icc 
Operating 
Current 
50 
mA 
VCC = 5.5V, 14 MHz (Note 4) 


ICCI 
Idle Mode Current 
25 
mA 
VCC = 5.5V, 14 MHz (Note 5) 


Ipo 
Power Down Current 
100 
IJ-A 
VCC = 2V (Note 3) 


RRST 
Reset Pulldown 
Resistor 
50 
150 
KO 


CIO 
Pin Capacitance 
20 
pF 
1 MHz, TA = 25°C 
(sampled, 
not tested on all parts) 


NOTES: 
1. Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the VOLSof ALE and Ports 
1 and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 1- 
to-Otransitions during bus operations. In the worst cases (capacitive loading> 
100 pF), the noise pulse on the ALE line may 
exceed 0.8V. In such cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt 
Trigger STROBE input. 
2. Capacitive loading on Ports 0 and 2 may cause the VOH on ALE and PSEN to momentarily fall before the 0.9 Vce 
specification when the address bits are stabilizing. 
3. Power DOWN Icc...!!..!!!.easuredwith all output pins disconnected; EA = Port 0 = Vce; XTAL2 N.C.; RST = Vss; DB = 
Vee; WR = RD = OACK = cg = AO = A1 = A2 = Vce. Power Down Mode is not supported on the 87C452P. 
4. Ice is measured with all output pins disconnected; XTAL1 driven with TCLCH, TCHCL = 5 ns, VIL = Vss + 0.5V, VIH = 
Vce - 0.5V; XTAL2 N.C.; EA = RST = Port 0 = Vce; WR = RD = DACK = cg = AO = A1 = A2 = Vce. Ice would be 
slightly higher if a crystal oscillator is used. 
5. Idle Ice is measured with all output pins disconnected; XTAL1 driven with TCLCH, TCHCL = 5 ns, VIL = Vss + 0.5V, 
VIH = Vee - 
0.5V; XTAL2 N.C.; Port 0 = Vec; EA = RST = Vss; WR = RD = DACK = cg = AO = A1 = A2 = Vee. 


Q: Output 
data. 


R: READ signal. 


T: 
Time. 


V: Valid. 


W: WRITE signal. 


X: 
No longer a valid logic level. 


Z: 
Float. 


Each timing symbol 
has 5 characters. 
The first char- 
acter 
is always 
a 'T' 
(stands 
for time). 
The 
other 
characters, 
depending 
on their 
positions, 
stand 
for 
the 
name 
of a signal 
or the 
logical 
status 
of that 
signal. The following 
is a list of all the characters 
and 
what they stand for: 


A: Address. 


C: Clock. 


D: Input data. 


H: Logic level HIGH. 


I: 
Instruction 
(program 
memory 
contents). 


L: 
Logic level LOW, or ALE. 


P: PSEN. 


EXAMPLE 


TAVLL = Time for Address 
Valid to ALE Low. 


TLLPL = Time for ALE Low to PSEN Low. 


inter 


A.C. CHARACTERISTICS 
TA = O·C to 70·C, Vcc = 5V ± 10%, VSS = OV, Load Capacitance 
for 
Port 0, ALE, and PSEN = 100 pF, Load Capacitance 
for All Other Outputs = 80 pF 


14 MHzOsc 
Variable 
Oscillator 
Symbol 
Parameter 
Units 
Mln 
Max 
Mln 
Max 


1/TCLCL 
Oscillator 
Frequency 
3.5 
14 
MHz 


TLHLL 
ALE Pulse Width 
103 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
25 
TCLCL-55 
(Note 1) 
ns 


TLLAX 
Address 
Hold after ALE Low 
36 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid Instr In 
185 
4TCLCL-100 
ns 


TLLPL 
ALE Low to PSEN Low 
31 
TCLCL-40 
ns 


TPLPH 
PSEN Pulse Width 
169 
3TCLCL-45 
ns 


TPLIV 
PSEN Low to Valid Instr In 
110 
3TCLCL-105 
ns 


TPXIX 
Input Instr Hold after PSEN 
0 
0 
ns 


TPXIZ 
Input Instr Float after PSEN 
57 
TCLCL-25 
(Note 1) 
ns 


TAVIV 
Address 
to Valid Instr In 
252 
5TCLCL-105 
ns 


TPLAZ 
PSEN Low to Address 
Float 
10 
10 
ns 


TRLRH 
RD Pulse Width 
329 
6TCLCL-100 
ns 


TWLWH 
WR Pulse Width 
329 
6TCLCL-100 
ns 


TRLDV 
RD Low to Valid Data In 
192 
5TCLCL-165 
ns 


TRHDX 
Data Hold after RD 
0 
0 
ns 


TRHDZ 
Data Float after RD 
73 
2TCLCL-70 
ns 


TLLDV 
ALE Low to Valid Data In 
422 
8TCLCL-150 
ns 


TAVDV 
Address 
to Valid Data In 
478 
9TCLCL-165 
ns 


TLLWL 
ALE Low to RD or WR Low 
164 
264 
3TCLCL-50 
3TCLCL+50 
ns 


TAVWL 
Address 
Valid to RD or WR Low 
156 
4TCLCL-130 
ns 


TQVWX 
Data Valid to WR Transition 
11 
TCLCL-60 
ns 


TWHQX 
Data Hold after WR 
21 
TCLCL-50 
ns 


TRLAZ 
RD Low to Address 
Float 
0 
0 
ns 


TWHLH 
RD or WR High to ALE High 
31 
111 
TCLCL-40 
TCLCL+40 
ns 


TQVWH 
Data Valid to WR (Setup Time) 
350 
7TCLCL-150 
ns 


NOTE: 
1. Use the value 
of 14 MHz specification 
or variable 
oscillator 
specification, 
whichever 
is greater. 


______________ 
TW_H_L_H_H_- 
ALE--Il 
tJ 
\ 


PSEN-! 
I, 


J~ 


ALE = 
TPLPH 
TLLPL 
TLLIV~ 


TPLiV 
I 
,---------- 


inter 


ALEJ[ 


TWHLH-I h 
I 


PSENJ 
\ 
I 


WR 


TQVWH 
TWHQX 


PORTO 
DATA OUT 


PORT2 
P2.D - P2.7 OR A8 - A15 FRO~ DPH 
A8-A15 
FRO~ PCH 


231428-21 


~rTXHQX 


\ 
D 
X 
3 
X 
4 
X 
5 
X 
6 
X 
7 
7 


••• 
SETTl 
f 
WRITETO SBUF 


INPUTDATA 


f 
CLEARRl 


••• 
SETRl 
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Symbol 
Parameter 
Min 
Max 
Units 


1/TCLCL 
Oscillator 
Frequency 
3.5 
14 
MHz 
. 


TCHCX 
High Time 
20 
- 
ns 


TCLCX 
Low Time 
- 
20 
ns 


TCLCH 
Rise Time 
20 
ns 


TCHCL 
Fall Time 
20 
ns 


NOTE: 
External 
clock 
timings 
are sampled. 
not tested 
on all parts. 


14 MHzOsc 
Variable 
Oscillator 


Symbol 
Parameter 
Units 


Mln 
Max 
Mln 
Max 


TXLXL 
Serial Port Clock Cycle Time 
857 
12TCLCL 
ns 


TOVXH 
Output 
Data Setup to Clock Rising Edge 
581 
1OTCLCL - 133 
ns 


TXHOX 
Output 
Data Hold after Clock Rising Edge 
26 
2TCLCL-117 
ns 


TXHDX 
Input Data Hold after Clock Rising Edge 
0 
0 
ns 


TXHDV 
Clock Rising Edge to Input Data Valid 
581 
1OTCLCL -133 
ns 


VCC-O.5~O.2 
Vcc+O.9 
>C 


O.45V--A._O_.2_Vc_c_-_o_. 
'-----. 


231426-24 
AC inputs during testing are driven at Vcc -0.5V 
for a logic "1" 
and 0.45V for a logic "0". Timing measurements are made at VIH 
min. for a logic "1" and VIL max. for a logic "0". 


VOL+O.1V 
231426-25 


For timing purposes a port pin is no longer floating when a 
100 mV change from load voltage occurs, and begins to float 
when a 100 mV change from the loaded VOHIVOL level occurs. 
IOL/IOH;, 
± 20 mA. 


~='========_T_HlA_I_N 
' ~ 
I--THLAL =\J 
I--THHAHy_------ 


Requestor Mode 
__ 
I" 
TAlAlN t 
HLDA 
\ 
_ 
"""' 
4 _ 
HLD 
J 


14 MHzOsc 
Variable Oscillator 
Symbol 
Parameter 
Units 
Mln 
Max 
Mln 
Max 


THMIN 
HLD Pulse Width 
386 
4TCLCL+100 
ns 


THLAL 
HLD to HLDA Delay if 
186 
672 
4TCLCL-100 
8TCLCL+100 
HLDA is Granted 
ns 


THHAH 
HLD to HLDA Delay 
186 
672 
4TCLCL-100 
8TCLCL+100 
ns 


TAMIN 
HLDA Pulse Width 
386 
4TCLCL+100 
ns 


TAHHL 
HLDA Inactive to 
186 
4TCLCL-100 
HLD Active 
ns 


Tee 
} 
TRV 
f 


Tee 


TOR 


"l 
DATA 


TOV ETDS 
~TDH 
) 


I-TRQ~ 
DRQIN 
\ 
DRQOUT 
231428-27 


14 MHzOsc 
Variable 
Oscillator 
Symbol 
Parameter 
Units 
Mln 
Max 
Mln 
Max 


TCC 
Cycle Time 
429 
6TCLCL 
ns 


TPW 
Command 
Pulse Width 
100 
100 
ns 


TRV 
Recovery 
Time 
60 
60 
ns 


TAS 
Address 
Setup Time 
5 
5 
- 
-- 
- 
ns 


TAH 
Address 
Hold Time 
30 
30 
ns 


TOS 
WRITE Data Setup Time 
30 
30 
ns 


TDHW 
WRITE Data Hold Time 
5 
5 
ns 


TDHR 
READ Data Hold Time 
5 
40 
5 
40 
ns 


TOV 
READ Active to Read 
92 
92 
ns 
Data Valid Delay 


TOR 
WRITE Inactive to Read 
343 
4.8TCLCL 
ns 
Data Valid Delay 
(Applies only to Host 
Control SFR) 


TRQ 
READ or WRITE Active 
150 
150 
ns 
to DRQIN or DRQOUT 
Inactive 
Delay 


inter 


DOCUMENT: 
UPI-452 
Data Sheet 


OLD REVISION 
NUMBER: 
231428-004 


NEW REVISION 
NUMBER: 
231428-005 


1. Maximum 
Clock Rate was changed 
from 16 MHz to 14 MHz. This change 
is reflected 
in all Maximum 
Timing 
specifications. 
, 


2. The proper 
range of values for ITHR has been changed 
from 
[0 to (CBP-2) 1 to [ 0 to (CBP-3) 1 to ensure 
proper setting of the Input FIFO request for service 
bit. See the following 
sections: 
INPUT FIFO CHANNEL, 
and INPUT AND OUTPUT 
FIFO THRESHOLD 
SFR (ITHR & OTHR). 


3. The proper range of values for OTHR has been changed 
from [ 1 to {(80H-CBP)-1} 
1 to [ 2 to I (80-CBP)-1Il 
to ensure 
proper 
setting 
of the Output 
FIFO request 
for service 
bit. See the following 
sections: 
OUTPUT 
FIFO CHANNEL, 
FIFO-EXTERNAL 
HOST INTERFACE 
FIFO DMA FREEZE 
MODE, and INPUT AND OUT- 


PUT FIFO THRESHOLD 
SFR (ITHR & OTHR). 


4. The following 
D.C. Characteristics 
were deleted 
from the data sheet: 


VOH 
= 0.75" 
Vcc 
@ IOH = -25 
tJoA, 


VOH1 = 0.75" 
Vcc 
@ IOH = 150 tJoA, 


VOH2 = 3.0V 
@ IOH = 1 mA, and 


ICC1 = 15 mA 
@ Vcc = 5.5V (87C452P). 


See D.C. CHARACTERISTICS 
TABLE. 


5. The parameter 
descriptions 
for THHAH 
and THLAL 
has been reversed 
and their maximum 
specification 
for 
clock 
rates 
less than 
14 MHz has been 
changed 
from 
[4TCLC + 100 nsl 
to [8TCLC + 100 ns]. See 
HLD/HLDA 
TIMINGS. 


6. TAMIN specification 
has been removed 
from the Arbiter Mode waveform 
diagram and added to the Request- 
or Mode waveform 
diagram. 
See HLD/HLDA 
WAVEFORMS. 


\....-n.1Vl.V~ nl.... 
KUM~ 
14 


inter 
27C64/87C64 
64K (8K x 8) CHMOS PRODUCTION AND 
UV ERASABLE PROMS 


• 
High Performance Speeds 
- 
150ns Maximum Access Time 


• 
New Quick-Pulse Programmlng™ 
Algorithm 
(1 second programming) 


• 
Available In 28-Pin Cerdlp and Plastic 
DIP Package and 32-Lead PLCC 
Package. 


(SeePackagingSpec,Order #231369) 


• 
CHMOS Mlcrocontroller 
and 
Microprocessor 
Compatible 
- 
87C64-lntegrated 
Address Latch 
- 
Universal 28 Pin Memory Site, 2-lIne 
Control 


• 
Low Power Consumption 
-100 
,...AMaximum Standby Current 


• 
Noise Immunity Features 
- 
± 10% Vcc Tolerance 
- 
Maximum Latch-up Immunity 
Through EPI Processing 


Intel's 27C64 and 87C64 CHMOS 
EPROMs 
are 64K bit 5V only memories 
organized 
as 8192 words of 8 bits. 
They employ 
advanced 
CHMOS'II-E 
circuitry 
for systems 
requiring 
low power, high performance 
speeds, 
and 
immunity 
to noise. The 87C64 
has been optimized 
for multiplexed 
bus microcontroller 
and microprocessor 
compatibility 
while 
the 27C64 
has a non-multiplexed 
addressing 
interface 
and is plug compatible 
with the 
standard 
Intel 2764A 
(HMOS 
II-E). 


The 27C64 and 87C64 are offered 
in both a ceramic 
DIP, Plastic DIP, and Plastic Leaded Chip Carrier (PLCC) 


Packages. 
Cerdip packages 
provide flexibility 
in prototyping 
and R&D environments, 
whereas 
Plastic DIP and 
PLCC EPROMs 
provide 
optimum 
cost effectiveness 
in production 
environments. 
A new Quick-Pulse 
Program- 


ming™ 
Algorithm 
is employed 
which can speed up programming 
by as much as one hundred 
times. 


The 
87C64 
incorporates 
an address 
latch 
on the address 
pins to minimize 
chip count 
in multiplexed 
bus 
systems. 
Designers 
can eliminate 
an external 
address 
latch 
by tieing address 
and data pins of the 87C64 


directy 
to the 
processor's 
multiplexed 
address/data 
pins. On the falling 
edge 
of the ALE input 
(ALE/CE), 


address 
information 
at the address 
inputs (Ao-A12) 
of the 87C64 is latched 
internally. 
The address 
inputs are 


then ignored 
as data information 
is passed 
on the same bus. 


The highest 
degree 
of protection 
against 
latch-up 
is achieved 
through 
Intel's 
unique 
EPI processing. 
Preven- 
tion of latch-up 
is provided 
for stresses 
up to 100 mA on address 
and data pins from 
-1V 
to Vcc + 1V. 


'HMOS 
and CHMOS 
are patented 
processes 
of Intel Corporation. 


OUTPUT ENABLE 
PROG LOGIC 


CHIP ENABLE 


1.0-1.12 


ADORESS 
INPUTS 


ShadedAreas 
representthe 87C64version 
Figure 
1. Block 
Diagram 
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2732A 
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m: 
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CE 
CHIP ENABLE 


ALE/~ 
ADDRESS LATCH ENABLE 
ICHIP ENABLE 
l'Cm 
PROGRAM STROBE 
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D.U. 
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N.C. 
•• 
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'" 
Or 
',. 
a.ALl./Ct 
0, 
0, 
0, 
0. 
0, 


2716 
2732A 
27128 
27256 


Vce 
Vce 
PGM 
A,_ 


Vce 
Vce 
A13 
A,S 


A8 
A8 
As 
As 


A9 
A9 
A9 
A9 


Vpp 
A" 
A" 
A" 
m: 
OElVpp 
m: 
m: 


A,o 
A,o 
A,o 
A10 
cr 
cr 
cr 
CE 


0, 
0, 
0, 
0, 


D. 
D. 
D. 
D. 


05 
05 
05 
05 


D_ 
O_ 
D_ 
O_ 


00 
Os 
Os 
Os 


NOTE: 
Intel "Universal 
Site" 
Compatible 
EPROM 
Pin Configurations 
are shown 
in the adjacent 
blocks 
to 27C64 
Pins. 


ShadedAreas 
representthe87C64version 
Figure 2. Pin Configuration 


v... 
, 


'"".. . 
.•. 
'. 
"""•• 
0.., 


0, 


COl. 


32 
3. 
30 


AI 
0 
AS 


AS 
.t 


u 
AI 


'3 
32 PIN PLCC 
Ne 


A2 
0.450" X0.550" 
(11.430 X 13.970) 


AI 
(MILLIMETERS) 


TOP VIEW 
•• 


Me 


00 


Figure 3. PLCC(N) Lead Configuration 
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Extended 
Temperature 
(Express) 
EPROMs 


The Intel EXPRESS EPROM family is a series of 
electrically programmable read only memories which 
have received additional processing to enhance 
product 
characteristics. 
EXPRESS processing is 
available for several densities of EPROM, allowing 
the choice of appropriate memory size to match sys- 
tem applications. 


EXPRESS EPROM products are available with 168 
± 8 hour, 125°C dynamic burn-in using Intel's stan- 
dard bias configuration. This process exceeds or 
meets most industry specifications of burn-in. The 
standard EXPRESS EPROM operating temperature 
range is O°Cto 70°C. Extended operating tempera- 
ture range (- 40°C to + 85°C) EXPRESS products 
are available along with automotive temperature 
range (- 40°C to + 125°C) products. Like all Intel 
EPROMs, the EXPRESSEPROM family is inspected 
to 0.1% electrical AQL. This may allow the user to 
reduce or eliminate incoming inspection testing. 


EXPRESS EPROM Product 
Family 


PRODUCT DEFINITIONS 


Type 
Operating 
Burn-In 12SoC(hr) 
Temperature eC) 
Q 
o to +70 
168 ±8 
T 
-40 to +85 
NONE 
L 
-40 to +85 
168 ±8 
A 
-40 to + 125 
NONE 


B 
-40 to + 125 
168 ±8 


EXPRESS Options 
27C64/87C64 
Versions 


Packaging Options 
Speed 
Cerdlp 
PLCC 
Plastic 
Versions 
DIP 
-1 
T, L,Q 
T 
T 
-15 
T,L,Q 
T 
T 
-2 
T, L,Q,A, B 
T,A 
T,A 
-20 
T,L,Q,A 
T 
T 
-STD 
T, L,Q, A, B 
T,A 
T,A 
-25 
T,L,Q,A 
T 
T 
-3 
T, L,Q, A, B 
T,A 
T,A 
-30 
T,L,Q,A 
T 
T 
READ OPERATION 


D.C. CHARACTERISTICS 
Electrical Parameters of EXPRESSEPROM products are identical to standard EPROM parameters except for: 
27C64 
Symbol 
Parameter 
87C64 
Test Conditions 
Mln 
Max 
ISB 
Vcc Standby Current (mA) 
CMOS 
0.1 
CE = Vcc,OE = VIL 
TIL 
1.0 
CE = VIH,OE = VIL 
ICC1(1) 
VCCActive Current (mA) 
TIL 
20,30 
OE = CE = VIL 
VCCActive Current at 
TIL 
20,30 
OE = CE = VIL 
High Temperature 
Vpp = Vcc, Tambient= 85°C 


NOTE: 
1.Seenotes4 and6 of ReadOperationD.C.Characteristics. 


OE ~ +5V 
vpp ~ +5V 


290000-13 
Vcc = +5V 
~ 
= 33.3 KHz 


R = 1 KO 


GND = OV 
l5GM = +5V 


J0J.&$ 
H 
A.s-LJU 


Burn-In Bias and Timing Diagrams 
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ABSOLUTE 
MAXIMUM 
RATINGS* 
Operating 
Temperature 
During Read 
O°C to + 70°C(2) 


Temperature 
Under Bias 
-10°C 
to + 80°C 


Storage Temperature 
-65°C 
to + 150°C 


Voltage 
on Any Pin with 
Respect 
to Ground 
-2.0V 
to 7V(1) 


Voltage 
on Pin Ag with 
Respect 
to Ground 
- 2.0V to + 13.5V(1) 


Vpp Supply Voltage with Respect 
to Ground 
During Programming 
- 2.0V to + 14V(1) 


Vcc Supply Voltage with 
Respect 
to Ground 
-2.0V 
to + 7.0V(1) 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Symbol 
Parameter 
Notes 
Min 
Typ(3) 
Max 
Unit 
Test Condition 


III 
Input Leakage Current 
0.01 
1.0 
p.A VIN '= OV to 5.5V 


ILO 
Output 
Leakage Current 
±10 
p.A VOUT = OV to 5.5V 


IpP1 
Vpp Current Read 
6 
100 
fJoA Vpp = Vcc 


ISB 
Vcc Current Standby 
ICMOS 
5 
100 
p.A CE = Vcc 
with Inputs- 
ITIL 
4 
1.0 
mA CE = VIH 


ICC1 
Vcc Current Active 
4,6 
20,30 
mA CE = VIL 
f = 5 MHz, lOUT = 0 mA 


VIL 
Input Low Voltage 
(± 10% Supply) 
-0.5 
0.8 
(TIL) 
V 
Vpp = VCC 
Input Low Voltage 
-0.2 
0.2 
(CMOS) 


VIH 
Input High Voltage ( ± 10% Supply) 
2.0 
Vcc+0.5 
(TIL) 
V 
Vpp = Vcc 
Input High Voltage 
Vcc-0.2 
Vcc+0.2 
(CMOS) 


VOL 
Output 
Low Voltage 
0.45 
V 
10L=2.1 
mA 


VOH 
Output High Voltage 
3.5 
V 
10H= -2.5 
mA 


los 
Output Short Circuit Current 
7 
100 
mA 


Vpp 
Vpp Read Voltage 
8 
Vcc-0.7 
Vcc 
V 


NOTES: 
1. Minimum D.C. input voltage is -0.5V. 
During transitions, 


the inputs may undershoot to -2.0V 
for periods less than 
20 
ns. 
Maximum 
D.C. 
Voltage 
on 
output 
pins 
is 
Vee + 0.5V which may overshoot to Vee + 2V for periods 
less than 20 ns. 
2. Operating temperature is for commercial product defined 
by this specification. Extended temperature options are 
available in EXPRESS and Military version. 
3. Typical limits are at Vcc = 5V, TA = +25°C. 
4. 20 mA for STD and -3 
versions; 30 mA for -2 
and 
150 ns versions. 


VIL, VIH levels at TTL inputs. 


5. ALE/CE or CE is Vee ± 0.2V. All other inputs can have 
any value within spec. 
6. Maximum Active power usage is the sum Ipp + Ice. The 
maximum current value is with Outputs 00 to 07 unloaded. 
7. Output shorted for no more than one second. No more 
than one output shorted at a time. los is sampled but not 
100% tested. 
8. Vpp may be one diode voltage drop below Vee. It may 
be connected directly to Vee. 


27C64·1 
27C64-2 
27C64 
27C64·3 
VCC ±5% 
N27C64-1 
N27C64-2 
N27C64 
N27C64-3 
P27C64-1 
P27C64-2 
Versions 
(3) 
Unit 
27C64-15 
27C64·20 
27C64·25 
27C64-30 
Vcc 
±10% 
N27C$4-15 
N27C64-20 


P27C64·15 
P27C64-20 
N27C64-25 
N27C64-30 


Symbol 
Characteristic 
Mln 
Msx 
Mln 
Max 
Mln 
Max 
Mln 
Max 


tACC 
Address 
to Output 
Delay 
150 
200 
250 
300 
ns 


teE 
CE to Output 
Delay 
150 
200 
250 
300 
ns 


toE 
OE to Output 
Delay 
75 
75 
100 
120 
ns 


tOF(2) 
OE High to Output 
High Z 
35 
55 
60 
105 
ns 


toH(2) 
Output 
Hold from Addresses, 
CE 
0 
0 
0 
0 
ns 


or OE Change-Whichever 
is First 


NOTES: 
1. A.C. characteristics 
tested 
at VIH = 2.4V and VIL = 0.45V. 


Timing 
measurements 
made at VOL = 0.8V and VOH = 2.0V. 


2. Guaranteed 
and sampled. 


3. Model 
Number 
Prefixes: 
No prefix = Cerdip; 
P = Plastic 
DIP; N = PLCC. 


NOTES: 
1. Typical 
values 
are for TA = 25°C and nominal 
supply 
voltages. 


2. This parameter 
is only sampled 
and is not 100% 
tested. 


3. OE may be delayed 
up to tCE-toE 
after the falling 
edge of CE without 
impact 
on tCE' 
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87C64·1 
87C64-2 
87C64 
87C64·3 
VCC ±5% 
N87C64·1 
N87C64-2 
N87C64 
N87C64-3 
Versions 
(3) 
P87C64-1 
P87C64·2 


87C64·15 
87C64-20 
87C64-25 
87C64-30 
Unit 


Vcc 
±10% 
N87C64-15 
N87C64-20 
N87C64-25 
N87C64-30 
P87C64-15 
P87C64-20 


Symbol 
Parameter 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Mln 
Max 


tLL 
Chip Deselect 
Width 
50 
50 
60 
75 
ns 


tAL 
Address 
to CE-Latch 
Set-up 
7 
20 
25 
30 
ns 


tLA 
Address 
Hold from CE-LA TCH 
30 
45 
50 
60 
ns 


tACL 
CE-Latch 
Access 
Time 
150 
200 
250 
300 
ns 


toE 
Output 
Enable to Output Valid 
75 
75 
100 
120 
ns 


leOE 
ALE/CE 
to Output 
Enable 
30 
45 
50 
60 
ns 


leHZ(2) 
Chip Deselect 
to Output 
in High Z 
45 
50 
60 
75 
ns 


tOHZ(2) 
Output 
Disable to Output 
35 
50 
60 
75 
ns 
in High Z 


NOTES: 
1. A.C. characteristics 
tested 
at VIH = 2.4V and VIL = 0.45V. 


Timing 
measurements 
made at VOL = O.BV and VOH = 2.0V. 


2. Guaranteed 
and sampled. 


3. Model 
Number 
Prefixes: 
No prefix = Cerdip; 
P = Plastic 
DIP; N = PLCC. 


OE 
IC_OE=cI~ 
$=_IO_H, 
_ 


Symbol 
Parameter 
Max 
Unit 
Conditions 


CIN 
Address/Control 
Capacitance 
6 
pF 
VIN = OV 


COUT 
Output Capacitance 
12 
pF 
VOUT = OV 


NOTE: 
1. Sampled. 
Not 100% 
tested. 


..!:3.!.. 


L 
1HI14 


3.3KG 


DEVICE 
UNDER 
OIlT 


TEST 
CL-100pF 
I 


290000-3 


CL = 100 pF 
CL Includes Jig Capacitance 
r 


2.0> 
__ 
2.0 
TEST POINTS 
OUTPUT 
0.8 
0.8 


A.C. Testing: Inputs are driven at 2.4V for a Logic "1"and 0.45V 
for a Logic "0". Timing measurements are made at 2.0V for a 
logic "1" and O.BVfor a Logic "0". 


The 
modes 
of operation 
of the 
27C64/87C64 
are 
listed 
in Table 
1. A single 
5V power 
supply 
is re- 
quired 
in the read 
mode. 
All inputs 
are TIL 
levels 
except for Vpp and 12V on A9 for inteligent 
Identifier 
mode. 


Pins 
ALE/CE 
OE 
PGM 
Ag 
Ao 
Vpp 
Vcc 
Outputs 
Mode 
CE 
(7) 
(7) 


Read 
Vil 
Vil 
VIH 
X(1) 
X 
Vcc 
5.0V 
DOUT 


Output Disable 
Vil 
VIH 
VIH 
X 
X 
Vcc 
5.0V 
HighZ 


Standby 
VIH 
X 
X 
X 
X 
Vcc 
5.0V 
HighZ 


Programming 
Vil 
VIH 
Vil 
X 
X 
(4) 
(4) 
DIN 


Program Verify 
Vil 
Vil 
VIH 
X 
X 
(4) 
(4) 
DOUT 


Program 
Inhibit 
VIH 
X 
X 
X 
X 
(4) 
(4) 
HIGHZ 


inteligent 
Identifier(3) 
Vil 
Vil 
VIH 
VH(2) 
Vil 
Vcc 
Vcc 
89 H (6) 


-Manufacturer 
88 H (6) 


inteligent 
Identifier(3) 
Vil 
Vil 
VIH 
VH(2) 
VIH 
Vcc 
Vcc 
07 H 
-27C64 


inteligent 
Identifier(3, 5) 
Vil 
Vil 
VIH 
VH(2) 
VIH 
Vcc 
Vcc 
37 H 
-87C64 


NOTES: 
1. X can be VIL or VIH. 
2. VH = 12.0V ± O.5V. 
3. A1-Ae, A10-12 = VIL. 
4. See Table 2 for Vcc and Vpp voltages. 
5. AlE/CE 
has to be toggled in order to latch in the addresses and read the signature codes. 


6. The Manufacturer's identifier reads 89H for Cerdip devices; 88H for Plastic DIP and PlCC devices. 
7. In Read Mode tie PGM and Vpp to Vcc. 


The 27C64 
has two control 
functions, 
both of which 
must be logically 
active in order to obtain data at the 
outputs. 
Chip Enable 
(CE) is the power 
control 
and 
should 
be used for device 
selection. 
Output 
enable 
(DE) 
is the 
output 
control 
and 
should 
be used 
to 
gate data from 
the output 
pins. Assuming 
that 
ad- 
dresses 
are stable, 
the address 
access 
time (tACe> 


is equal to the delay from CE to output (leE). Data is 
available 
at the outputs 
after a delay of toE from the 
falling 
edge of DE, assuming 
that CE has been low 
and 
addresses 
have 
been 
stable 
for 
at 
least 
tACC-toE· 


The 
87C64 
was designed 
to reduce 
the 
hardware 
interface 
requirements 
when incorporated 
in proces- 
sor systems 
with multiplexed 
address-data 
busses. 


Chip count 
(and therefore 
power 
and board 
space) 


can be minimized 
when 
the 87C64 
is designed 
as 
shown 
in Figure 4. The processor's 
multiplexed 
bus 
(ADo-7) is tied to both address 
and data pins of the 
87C64. 
All address 
inputs of the 87C64 
are latched 
when 
ALE/CE 
is brought 
low, thus eliminating 
the 
need for a separate 
address 
latch. 


The 87C64 internal address latch is directly enabled 
through the use of the ALE/CE line. As the transition 
occurs on the ALE/CE from the TTL high to the low 
state, the last address presented at the address pins 
is retained. Data is then enabled onto the bus from 
the EPROM by the OE pin. 


Figure 4. 80C31 with 87C64 
System Configuration 


Standby Mode 


The 27C64 and 87C64 have Standby modes which 
reduce the maximum Vee current to 100 1JoA.Both 
are placed in the Standby mode when CE or 
ALE/CE are in the CMOS-high state. When in the 
Standby mode, the outputs are in a high impedance 
state, independent of the OE input. 


Because EPROMs are usually used in larger memo- 
ry arrays, Intel has provided 2 control lines which 
accommodate this multiple memory connection. The 
two control lines allow for: 


a) the lowest possible memory power dissipation, 


and 


b) complete assurance that output bus contention 


will not occur. 


To use these two control lines most efficiently, CE 
(or ALE/CE) should be decoded and used as the 
primary device selecting function, while OE should 
be made a common connection to all devices in the 
array and connected to the READ line from the sys- 
tem control bus. This assures that all deselected 
memory devices are in their low power standby 
mode and that the output pins are active only when 
data is desired from a particular memory device. 


The power switching characteristics of EPROMs re- 
quire careful decoupling of the devices. The supply 
current, Ice, has three segments that are of interest 
to the system designer-the 
standby current level, 


the active current level, and the transient current 
peaks that are produced by the falling and rising 
edges of Chip Enable. The magnitude of these tran- 
sient and inductive current peaks is dependent on 
the output capacitive and inductive loading of the 
device. The associated transient voltage peaks can 
be suppressed by complying with Intel's Two-Line 
Control, and by properly selected decoupling capaci- 
tors. It is recommended that a 0.1 IJoFceramic ca- 
pacitor be used on every device between Vee and 
GND. This should be a high frequency capacitor for 
low inherent inductance and should be placed as 
close to the device as possible. In addition, a 4.7 IJoF 
bulk electrolytic capacitor should be used between 
Vee and GND for every eight devices. The bulk ca- 
pacitor should be located near where the power sup- 
ply is connected to the array. The purpose of the 
bulk capacitor is to overcome the voltage droop 
caused by the inductive effect of PC board-traces. 


Caution: Exceeding 14Von 
Vpp wi/I permanently 


damage the device. 


Initially, and after each erasure, all bits of the 
EPROM are in the "1" state. Data is introduced by 
selectively programming "as" into the desired bit lo- 
cations. Although only "as" 
will be programmed, 


both "1s" and "as" can be present in the data word. 
The only way to change a "0" to a "1" is by ultravio- 
let light erasure. 


The device is in the programming mode when Vpp is 
raised to its programming voltage (See Table 2) and 
CE (or ALE/CE) and PGM are both at TTL low and 
DE = VIH.The data to be programmed is applied 8 
bits in parallel to the data output pins. The levels 
required for the address and data inputs are TTL. 


Program 
Inhibit 


Programming of multiple EPROMS in parallel with 
different data is easily accomplished by using the 
Program Inhibit mode. A high-level CE (or ALE/CE) 
or PGM input inhibits the other devices from being 
programmed. 


Except for CE (or ALE/CE), all like inputs (including 
OE) of the parallel EPROMs may be common. A TIL 
low-level pulse applied to the PGM input with Vpp at 
its programming voltage and CE (or ALE/CE) = VIL 
will program the selected device. 


Program Verify 


A verify (read) should be performed on the pro- 
grammed bits to determine that they have been cor- 
rectlu.r0grammed. 
The verify~erformed 
with OE 
and CE (or ALE/CE) at VIL. PGM at VIH, and Vcc 
and Vpp at their programming voltages. Data should 
be verified a minimum of toE after the falling edge of 
OE. 


inteligent 
Identifier™ 
Mode 


The inteligent Identifier Mode allows the reading out 
of a binary code from an EPROM that will identify its 
manufacturer and type. This mode is intended for 
use by programming equipment for the purpose of 
automatically 
matching 
the 
device 
to 
be 
pro- 
grammed with its corresponding programming algo- 
rithm. This mode is functional in the 25°C ± 5°C am- 
bient temperature range that is required when pro- 
gramming the device. 


To activate this mode, the programming equipment 
must force 11.5V to 12.5V on address line A9 of the 
EPROM. Two identifier bytes may then be se- 
quenced from the device outputs by toggling ad- 
dress line AOfrom VILto VIH.All other address lines 
must be held at VIL during the inteligent Identifier 
Mode. 


Byte 0 (AO = VILl represents the manufacturer code 
and byte 1 (AO = VIH) the device identifier code. 
These two identifier bytes are given in Table 1. 
ALE/CE of the 87C64 has to be toggled in order to 
latch in the addresses and read the Signature 
Codes. 


ERASURE 
CHARACTERISTICS 
(FOR 
CERDIP 
EPROMS) 


The erasure characteristics are such that erasure 
begins to occur upon exposure to light with wave- 
lengths shorter than approximately 4000 Angstroms 
(.4.).It should be noted that sunlight and certain 
types of fluorescent lamps have wavelengths in the 
3000-4000.4.range. Data shows that constant expo- 
sure to room level fluorescent lighting could erase 
the EPROM in approximately 3 years. while it would 
take approximately 1 week to cause erasure when 
exposed to direct sunlight. If the device is to be ex- 
posed to these types of lighting conditions for ex- 
tended periods of time. opaque labels should be 
placed over the window to prevent unintentional era- 
sure. 


The recommended erasure procedure is exposure 
to shortwave ultraviolet light which has a wavelength 
of 2537 Angstroms (.4.).The integrated dose (Le., UV 
intensity x exposure time) for erasure should be a 
minimum of 15 Wsec/cm2. 
The erasure time with 
this dosage is approximately 15 to 20 minutes using 
an ultraviolet lamp with a 12000 p.W/cm2 power rat- 
ing. The EPROM should be placed withi~ 1 inch of 
the lamp tubes during erasure. The maximum Inte- 
grated dose an EPROM can be exposed to without 
damage is 7258 Wsec/cm2 (1 week @ 12000 p.W/ 
cm2). Exposure of the device to high intensity UV 
light for longer periods may cause permanent dam- 
age. 


Special EPI processing techniques have enabled In- 
tel to build CHMOS with features adding to system 
reliability. These include input/output protection to 
latch-up. Each of the data and address pins will not 
latch-up with currents up to 100 mA and voltages 
from -1V 
to Vcc + 1V. 


Additionally, the Vpp (programming) pin is designed 
to resist latch-up to the 14V maximum device limit. 
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Gf=l 


ADDRESS = nRST 
LOCATION 


Quick-Pulse 
Programming™ 
Algorithm 


Intel's 
27C64 and 87C64 
EPROMs 
can now be pro- 


grammed 
using the Quick-Pulse 
Programming 
Algo- 


rithm, developed 
by Intel to substantially 
reduce the 


throughput 
time in the production 
environment. 
This 


algorithm 
allows these devices to be programmed 
in 


under 
one second, 
almost 
a hundred 
fold improve- 


ment over previous 
algorithms. 
Actual 
programming 


time 
is a function 
of the PROM 
programmer 
being 


used. 


The Quick-Pulse 
Programming 
Algorithm 
uses initial 


pulses of 100 microseconds 
followed 
by a byte veri- 


fication 
to 
determine 
when 
the 
address 
byte 
has 


been 
successfully 
programmed. 
Up to 25 
100 ,...S 


pulses 
per byte are provided 
before 
a failure 
is rec- 


ognized. 
A flowchart 
of the 
Quick-Pulse 
Program- 


ming Algorithm 
is shown 
in Figure 5. 


For the Quick Pulse Programming 
Algorithm, 
the en- 


tire sequence 
of programming 
pulses and byte verifi- 


cations 
is performed 
at Vcc 
= 6.25V 
and Vpp at 


12.75V. 
When 
programming 
of 
the 
EPROM 
has 


been 
completed, 
all bytes 
should 
be compared 
to 


the original 
data with Vcc = Vpp = 5.0V. 


D.C. PROGRAMMING 
CHARACTERISTICS 
(27C64/87C64) 
TA = 2SoC ± SOC 


Table 
2 


Symbol 
Parameter 
Limits 
Test Conditions 


Mln 
Max 
Unit 
(Note 1) 


III 
Input Current (All Inputs) 
1.0 
,...A 
VIN = VIL or VIH 


VIL 
Input Low Level (All Inputs) 
-0.1 
0.8 
V 


VIH 
Input High Level 
2.0 
Vee + 0.5 
V 


VOL 
Output Low Voltage During Verify 
0.45 
V 
IOL = 2.1 mA 


VOH 
Output High Voltage During Verify 
3.5 
V 
IOH = -2.5 
mA 


lee2(3) 
Vee Supply Current 
30 
mA 


IpP2(3) 
Vpp Supply Current (Program) 
30 
mA 
CE = VIL 


VIO 
Ag inteligent Identifier Voltage 
11.5 
12.5 
V 


Vpp 
Programming Voltage 
12.5 
13.0 
V 


Vee 
Supply Voltage During Programming 
6.0 
6.5 
V 


A.C. PROGRAMMING 
CHARACTERISTICS 
27C64 
TA = 2SoC ± SOC,See Table 2 for Vec and Vpp Voltages 


Symbol 
Parameter 
Limits 
Conditions 


Min 
Typ 
Max 
Unit 
(Note 1) 


tAS 
Address Setup Time 
2 
,...s 


toES 
OE Setup Time 
2 
,...s 


tos 
Data Setup Time 
2 
,...s 


tAH 
Address Hold Time 
0 
,...s 


tOH 
Data Hold Time 
2 
,...s 


tOFP 
OE High to Output Float Delay 
0 
130 
ns 
(Note 2) 


tvps 
Vpp Setup Time 
2 
,...s 


tves 
Vee Setup Time 
2 
,...s 


teES 
CE Setup Time 
2 
,...s 


tpw 
PGM Program Pulse Width 
95 
100 
105 
,...s 
Quick-Pulse 


toE 
Data Valid from OE 
150 
ns 


A.C. CONDITIONS 
OF TEST 
Input Rise and Fall Times (10% to 90%) 
20 ns 


Input Pulse Levels 
0.45V to 2.4V 


Input Timing Reference 
Level 
0.8V and 2.0V 


Output Timing Reference 
Level 
0.8V and 3.SV 


NOTES: 
1. Vce must be applied simultaneously or before Vpp and 
removed simultaneously or after Vpp. 
2. This parameter is only sampled and is not 100% tested. 
Output Float is defined as the point where data is no long- 
er driven-see 
timing diagram. 


3. The maximum current value is with outputs 00 to 07 Un- 
loaded. 
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NOTES: 
1. The Input Timing Reference Level is O.BVfor VIL and 2V for a VIH. 
2. toE and tDFPare characteristics of the device but must be accommodated by the programmer. 
3. When programming the 27C64, a 0.1 JLF capacitor is required across Vpp 
and ground to suppress spurious voltage 
transients which can damage the device. 
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A.C. PROGRAMMING 
CHARACTERISTICS 
87C64 
TA = 2SoC ± SOC,See Table 2 for Vcc 
and Vpp Voltages. 


Symbol 
Parameter 
Limits 
Unit 
Conditions 
Mln 
Typ 
Max 


tvps 
Vpp Setup Time 
2 
,."s 


tvcs 
Vcc Setup Time 
2 
,."s 


tLL 
Chip Deselect 
Width 
2 
,."s 


tAL 
Address 
to Chip Select Setup 
1 
,."s 


tLA 
Address 
Hold from Chip Select 
1 
,."s 


tpw 
PGM Pulse Width 
9S 
100 
10S 
,."s 
Quick-Pulse 


tos 
Data Setup Time 
2 
,."s 


tOFP 
OE High to Data Float 
0 
130 
ns 


tOES 
Output Enable Setup Time 
2 
,."s 


toE 
Data Valid from Output Enable 
1S0 
ns 


tOH 
Data Hold Time 
2 
,."s 


tCES 
CE Setup Time 
2 
,."s 


NOTE: 
1. Programming 
tolerances 
and test conditions 
are the same as 27C64. 


NOTE: 
1. 12.75V 
Vpp & 6.25V Vcc 
for Quick-Pulse 
Programming 
Algorithm. 
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87C257 
256K (32K x 8) CHMOS UV ERASABLE PROM 


• 
CHMOSINMOS 
Microcontroller 
and 
Microprocessor 
Compatible 
- 
87C257-lntegrated 
Address 
Latch 
- 
Universal 
28 Pin Memory 
Site, 2-line 
Control 


• 
Low Power Consumption 


• 
High Performance 
Speeds 
- 
170 ns Maximum 
Access 
Time 


• 
Noise Immunity 
Features 
- 
± 10% Vcc Tolerance 
- 
Maximum 
Latch-up 
Immunity 
Through 
EPI Processing 


• 
New Quick-Pulse 
Programming™ 
Algorithm 
- 
4 Second 
Programming 


• 
28·Pin Cerdip and 32-Lead 
PLCC 
Packages 


(See Packaging 
Spec .• Order 
#231369) 


Intel's 87C257 CHMOS EPROM is a 256K-bit 5V-only memory organized as 32,768 8-bit words. It employs 
advanced CHMOS'II-E circuitry for systems requiring low power, high speed performance, and noise immuni- 
ty. The 87C257 is optimized for compatibility with multiplexed address/data bus microcontrollers such as 
Intel's 16 MHz 8051- and 8096- families. 


The 87C257 incorporates latches on all address inputs to minimize chip count, reduce cost, and simplify 
design of multiplexed bus systems. The 87C257's internal address latch allows address and data pins to be 
tied directly to the processor's multiplexed address/data pins. Address information (inputs Ao-A14) is latched 
early in the memory-fetch cycle by the falling edge of the ALE input. Subsequent address information is 
ignored while ALE remains low. The EPROM can then pass data (from pins 00-07) on the same bus during 
the last part of the memory-fetch cycle. 


The 87C257 is offered in ceramic DIP and Plastic Leaded Chip Carrier (PLCC)packages. The Cerdip package 
provides flexibility in prototyping and R&D environments while the PLCC version is used in surface mount and 
automated manufacturing. The 87C257 employs the Quick-Pulse Programming™ Algorithm for fast and reli- 
able programming. 


Intel's EPI processing achieves the highest degree of latch-up protection. Address and data pin latch-up 
prevention is provided for stresses up to 100 mA from -1V 
to Vcc + 1V. 


'HMOS 
and CHMOS 
are patented 
processes 
of Intel Corporation. 


OUTPUT ENABLE 
PROG LOGIC 


CHIP ENABLE 


ADDRESS 
LATCH 
ENABLE 


AO-A,. 
ADDRESS 
INPUTS 


87C64 


Vpp 


A12 
A7 
As 
As 
A4 
A3 
A2 
A1 
Ao 
00 
01 
02 
Gnd 


Ao-A14 
ADDRESSES 


00-07 
OUTPUTS , 


OE 
OUTPUT 
ENABLE 


CE 
CHIP ENABLE 


ALElVpp 
Address 
Latch 
EnablelVpp 


N.C. 
NO CONNECT 


D.U. 
Don't Use 


ALE/Vpp 


A12 


A7 


Ae 


As 
A.4 


A3 
A2 


A1 


Ao 


00 
01 
02 


GND 


FIGURE 2. DIP Pin 
Configuration 


N27C64 
8KX8 


N27C128 
16KX8 


N87C2S 7 
32K X 8 


A6 


AS 


A4 
27 
All 


A3 
32 
LEAD PLCC 
26 
NC 


A2 
0.450" 
X 0.550" 
25 
OE 
(11.430 
X 13.970) 


Al 
10 
(MILLIMETERS) 
Al0 


TOP VIEW 
AD 
11 
cr 


NC 
07 


00 
06 


NOTE: 
Intel "Universal 
Site"·Compatible 
EPROM 
Pin Configurations 
are Shown 
in the Blocks 
Adjacent. 


87C64 


VCC 
PGM 
N.C 
As 
Ag 


A11 
OE 


A10 
ALE/CE 
07 
Os 
Os 
04 
03 


EXT£NDED 
TEMPERATURE 
(EXPRESS) 
EPROMs 


The Intel EXPRESS EPROM family receives addi- 
tional processing to enhance product characteris- 
tics. EXPRESS processing is available for several 
EPROM densities allowing the appropriate memory 
size 
to 
match 
system 
applications. 
EXPRESS 
EPROMs are available with 168 ± 8 hour, 12S·Cdy- 
namic burn-in using Intel's standard bias configura- 
tion. This process meets or exceeds most industry 
burn-in 
specifications. 
The 
standard 
EXPRESS 
EPROM operating temperature range is O·C to 
+ 70·C. 
Extended 
operating 
temperature 
range 
(- 40·C to + 8S·C) EXPRESS and automotive tem- 
perature range (- 40·C to + 12S·C) products are 
also available. Like all Intel EPROMs, the EXPRESS 
EPROM family is inspected to 0.1% electrical AQL. 
This allows reduction or elimination of incoming test- 
ing. 


AUTOMOTIVE 
AND EXPRESS 
OPTIONS 


Speed 
Packaging Options 
Versions 
Cerdip 
PLCC 


-200VOS 
A 
A 


-200V10 
A,L 
A,T 


-2S0V10 
A,L 
A,T 


-2S0VOS 
A 
A 


AUTOMOTIVE 
AND EXPRESS 
EPROM 
PRODUCT 
FAMILY 


Type 
Operating 
Burn-in 12S·C 
Temperature eC) 
(hr) 


T 
-40·Cto 
+8S·C 
NONE 


L 
-40·Cto 
+8SoC 
168 ±8 


A 
- 40·C to + 12S·C 
NONE 


ALE/Vpp 


A12 


A7 


A6 


A5 
A. 


A3 


A2 
A1 


Ao 
R 


OE = 5V R = 1 Kfi vcc = + 5V 


ALElVpp 
= + 5V Vss = GND CE = GND 


30 JJ.s 
H 
AonsLr 


A1JLJ 
•• 
Au 
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Operating 
Temperature 
During 
Read 
O·C to + 70·C(2) 
Temperature 
Under Bias 
-1 O·C to + 80·C(2) 
Storage Temperature 
- 6S·C to + 1S0·C 
Voltage 
on any Pin with 
Respect 
to Ground 
-2Vto 
+7V(1) 
Voltage 
on Ag with 
Respect to Ground 
-2V 
to + 13.SV(1) 
Vpp Supply Voltage 
with Respect 
to Ground 
During Programming 
- 2V to + 14.0V(1) 
VCC Supply Voltage 
with 
Respect 
to Ground 
-2V 
to + 7.0V(1) 


READ OPERATION 


D.C. CHARACTERISTICS 
TTL and NMOS Inputs 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Notes 
Mln 
Typ(3) 
Max 
Units 
Test Condition 


III 
Input Load Current 
0.01 
1.0 
",A 
VIN = OVto 5.5V 


ILa 
Output Leakage Current 
±10 
",A 
VOUT= OVto 5.5V 


ISB 
Vee Current Standby 
I Switching 
10 
mA 
CE = ALE = VIH 
with Inputs- 
I Stable 
1.0 
mA 
CE = VIH,ALE = Vil 


leel 
Vec Current Active 
5 
30 
mA 
CE = Vll, ALE = VIH 
f = 5 MHz, lOUT= 0 mA 


Vil 
Input Low Voltage (± 10% Supply) 
1 
-0.5 
0.8 
V 


VIH 
Input High Voltage (± 10% Supply) 
2.0 
Vce + 0.5 
V 


Val 
Output Low Voltage 
0.45 
V 
10l = 2.1 mA 


VOH 
Output High Voltage 
2.4 
V 
10H= -400 
",A 


10S 
Output Short Circuit Current 
6 
100 
mA 


Symbol 
Parameter 
Notes 
Mfn 
Typ(3) 
Max 
Units 
Test Condition 


III 
Input Load Current 
0.01 
1.0 
",A 
VIN = OVto 5.5V 


ILa 
Output Leakage Current 
±10 
",A 
VOUT= OVto 5.5V 


ISB 
Vee Current Standby 
I Switching 
4 
6 
mA 
CE = ALE = Vee 
with Inputs- 
I Stable 
100 
",A 
CE = Vee, ALE = GND 


1cel 
Vce Current Active 
5 
15 
mA 
CE = Vil. ALE = VIH 
f = 5 MHz, lOUT= 0 mA 


Vil 
Input Low Voltage (± 10% Supply) 
-0.2 
0.8 
V 


VIH 
Input High Voltage (± 10% Supply) 
0.7Vee 
Vce + 0.2 
V 


Val 
Output Low Voltage 
0.4 
V 
10l = 2.1 mA 


VOH 
Output High Voltage 
Vee - 0.8 
V 
10H= -2.5mA 


los 
Output Short Circuit Current 
6 
100 
mA 


NOTES: 
1. Minimum D.C. input voltage is -0.5V. During transitions, the inputs may undershoot to - 2.0V for periods less than 20 ns. 
Maximum D.C. voltage on output pins is Vce + 0.5V which may overshoot to Vee + 2V for periods less than 20 ns. 
2. Operating temperature is for commercial product defined by this specification. Extended temperature options are available 
in EXPRESS and Automotive versions. 
3. IYPicallimits are at Vce = 5V, TA = +25°C. 
4. CE is Vee ±0.2V. All other inputs can have any value within spec. 
5. Maximum current value is with outputs 00 to 07 unloaded. 
6. Output shorted for no more than one second. No more than one output shorted at a time. los is sampled but not 100% 
tested. 
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Vcc 
±5% 
N87C257-200V05 


Verslons(3) 
87C257-200V10 
87C257·250V10 
Units 


Vcc 
±10% 
87C257·170V10 
N87C257-200V10 
N87C257-250V10 


Symbol 
Characteristic 
Mln 
Max 
Mln 
Max 
Mln 
Max 


tACC 
Address 
to Output 
Delay 
170 
200 
250 
ns 


teE 
CE to Output 
Delay 
170 
200 
250 
ns 


toE 
OE to Output Delay 
58 
75 
100 
ns 


tOF(2) 
OE High to Output 
High Z 
35 
40 
55 
ns 


tOH(2) 
Output 
Hold from Addresses, 
CE or 
0 
0 
0 
ns 


OE Change-Whichever 
is First 


tLL 
Latch Deselect 
Width 
35 
50 
60 
ns 


tAL(2) 
Address 
to Latch Set-Up 
7 
15 
25 
ns 


tLA 
Address 
Hold from LATCH 
23 
30 
40 
ns 


tLOE 
ALE to Output 
Enable 
23 
30 
40 
ns 


NOTES: 
1. See 
A.C. 
Testing 
Input/Output 
Waveforms 
for 
timing 
measurements. 
2. Guaranteed 
and sampled. 


3. Model 
Number 
Prefixes: 
No Prefix 
= CERDIP. 


Input Rise and Fall Times (10% to 90%) 
10 ns 


Input Pulse Levels 
VOL to VOH 


Input Timing Reference 
Level 
1.5V 


Output Timing Reference 
Level 
V,L and V,H 


V1H 
ADDRESSES 
V1L 


V1H 
ALE 
V1L 


V1H 
CE 
V1L 
(2) 


tOE 


NOTES: 
1. This parameter 
is only sampled 
and is not 100% 
tested. 


2. OE may be delayed 
up to teE-toE 
after the falling 
edge of CE without 
impact 
on teE. 


Symbol 
Parameter 
Max 
Units 
Conditions 


CIN 
Address/Control 
Capacitance 
6 
pF 
VIN = OV 


COUT 
Output Capacitance 
12 
pF 
VOUT = OV 


NOTE: 
1. Sampled. Not 100% tested. 


:::~.5 
-TEST:~: O~UT 


290135-7 


DEVICE 
UNDER 
TEST 


A.C. testing inputs are driven at VOH for a Logic "1" 
and VOL for a Logic "0". Timing measurements are 
made at VIH for a Logic "1" and VIL for a Logic "0". 
CL = 100 pF 
CL Includes Jig Capacitance 


Table 1 lists 87C257 
operating 
modes. 
Read mode requires a single 5V power supply. All input levels are TTL 
or CMOS except 
A9 in inteligent 
Identifier 
mode and Vpp. 
Table 
1. Mode selection 


Pins 
CE 
OE 
Ag 
Ao 
ALEI 
Vcc 
Outputs 
Mode 
Vpp 


Read 
Vil 
Vil 
X(l) 
X 
X 
5.0V 
DOUT 


Output Disable 
Vil 
VIH 
X 
X 
X 
5.0V 
HighZ 


Standby 
VIH 
X 
X 
X 
X 
5.0V 
HighZ 


Programming 
Vil 
VIH 
X 
X 
(Note 4) 
(Note 4) 
DIN 


Program Verify 
VIH 
VIL 
X 
X 
(Note 4) 
(Note 4) 
DOUT 


Optional 
Program 
Vil 
Vil 
X 
X 
VCC 
(Note 4) 
DOUT 
Verify 
(Note 4) 


Program 
Inhibit 
VIH 
VIH 
X 
X 
(Note 4) 
(Note 4) 
HighZ 


inteligent 
Identifier(3) 
Vil 
Vil 
VH(2) 
Vil 
X 
VCC 
89 H 
-Manufacturer 


inteligent 
Identifier(3) 
Vil 
Vil 
VH(2) 
VIH 
X 
VCC 
24 H 
-87C257 


NOTES: 
1. X can be VIL or VIH. 
2. VH = 12.0V ±0.5V. 
3. A1-Ae, 
A10-12 = VIL, A13-14 = X. 


4. See Table 2 for Vcc and Vpp programming voltages. 
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The 87C257 has two control functions; both must be 
logically active to obtain data at the outputs. Chip 
Enable (CE) is the power control and the device-se- 
lect. Output enable (OE) gates data to the output 
pins by controlling the output buffer. When the ad- 
dress is stable (ALE = VIH)or latched (ALE = VIU, 
the address access time (tACc) equals the delay 
from CE to output (tCE).Ou~ts 
display valid data 
tOEafter the falling edge of OE, assuming tACCand 
tCEtimes are met. 


The 87C257 reduces the hardware interface in multi- 
plexed address-data bus systems. Figure 4 shows a 
low 
power, 
small 
board 
space, 
minimal 
chip 
87C257/microcontroller 
design. The 
processor's 
multiplexed bus (ADo-7)is tied to the 87C257's ad- 
dress and data pins. No separate address latch is 
needed because the 87C257 latches all address in- 
puts when ALE is low. 


The ALE input controls the 87C257's internal ad- 
dress latch. As ALE transitions from VIH to VIL, the 
last address present at the address pins is retained. 
The OE control can then enable EPROM data onto 
the bus. 


Figure 4. 80C31 with 87C257 
System 
Configuration 


The standbLmode 
substantially reduces VCC cur- 
rent. When CE = VIH,the standby mode places the 
outputs in a high impedance state, independent of 
the OE input. 


EPROMs are often used in larger memory arrays. 
Intel provides two contol inputs to accommodate 
multiple memory connections. Two-line control pro- 
vides for: 
a) the lowest possible memory power dissipation, 


and 
b) complete assurance that output bus contention 
will not occur. 


To efficiently use these two control il]£l!ts, an ad- 
dress decoder should enable CE while OE should be 
connected to all memory-array devices and the sys- 
tem's READ control line. This assures that only se- 
lected memory devices have active outputs while 
deselected memory devices are in low-power stand- 
by mode. 


EPROM power 
switching 
characteristics 
require 
careful device decoupling. System designers are in- 
terested fn three supply current (ICG)issues-stand- 
by current levels, active current levels, and transient 
current peaks produced by falling and rising edges 
of Chip Enable. Transient current magnitudes de- 
pend on the device outputs' capacitive and inductive 
loading. Two-Line Control and proper decoupling ca- 
pacitor selection will suppress transient voltage 
peaks. Each device should have a 0.1 fLF ceramic 
capacitor connected between its VCCand GND. This 
high frequency, low inherent-inductance capacitor 
should be placed as close as possible to the device. 
Additionally, for every eight devices, a 4.7 fLF elec- 
trolytic capacitor should be placed between VCCand 
GND at the array's power supply connection. The 
bulk capacitor will overcome voltage slumps caused 
by PC board trace inductances. 


Caution: Exceeding 
14Von 
Vpp will permanently 
damage 
the device. 


Initially, and after each erasure, all EPROM bits are 
in the "1" state. Data is introduced by selectively 
programming "as" into the desired bit locations. Al- 
though only "as" are programmed, the data word 
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can contain both "1s" and "Os". Ultraviolet light era· 
sure is the only way to change "Os" to "1s". 


The programming mode is entered when Vpp is 
raised to its programming voltage (see Table 2). 
Data is programmed by applyir:!a.an8·bit word to the 
output pins (00-7)' 
Pulsing CE to TIL-Iow 
while 
DE = VIHwill program data. TIL levels are required 
for address and data inputs. 


Program Inhibit 


The Program Inhibit mode allows parallel program- 
ming of multiple EPROMs with different data. With 
Vpp at its programming voltag~ 
CE-Iow pulse pro· 
grams the desired EPROM. CE-high inputs inhibit 
programming of non-targeted devices. Except for CE 
and OE, parallel EPROMs may have common in- 
puts. 


Program Verify 


With Vpp and Vcc at their programming voltages, a 
verify (read) determines that bits are correctly pro- 
grammed. The verify is performed with CE = ~ 
and OE = VIL' Valid data is available toE after OE 
falls low. 


Optional Program Verify 


The optional verify allows parallel programming and 
verification when several devices share a common 
bus. It is performed with CE = OE = VILand Vpp = 
Vcc = 6.25V. The normal read mode is then used 
for .E!:9gra~erify. 
Outputs will tri-state depending 
on OE and CEo 


Intellgent 
Identlfier™ 
Mode 


The inteligent Identifier Mode will determine an 
EPROM's manufacturer and device type. Program- 
ming equipment can automatically match a device 
with its proper programming algorithm. 


This mode is activated when programming equip- 
ment forces 12V ± 0.5V on the EPROM's Ag ad- 
dress line. With A1-Aa, A10-A12 = VIL (A13-14 are 
don't care), address line Ao = VIL will present the 
manufacturer's code and Ao = VIHthe device code 
(see Table 1). When Ag = VH. ALE need not be 
toggled to latch each identifier address. This mode 
functions in the 25°C ± 5°C ambient temperature 
range required during programming. 


ERASURE 
CHARACTERISTICS 
(FOR 
CERDIP 
EPROMS) 


Exposure to light of wavelength shorter than 4000 
Angstroms (A) begins EPROM erasure. Sunlight and 
some fluorescent lamps have wavelengths in the 
3000-4000A range. Constant exposure to room-lev- 
el fluorescent light can erase an EPROM in about 3 
years (about 1 week for direct sunlight). Opaque la- 
bels over the window will prevent unintentional era- 
sure under these lighting conditions. 


The recommended erasure procedure is exposure 
to 2537A ultraviolet light. The minimum integrated 
dose (intensity x exposure time) is 15 Wsec/ cm2. 
Erasure time using a 12000 IJ-W/cm2 ultraviolet 
lamp is approximately 
15 to 
20 
minutes. The 
EPROM should be placed about 1 inch from the 
lamp. 
The 
maximum integrated 
dose 
is 
7258 
Wsec/cm2 (1 week @ 12000 IJ-W/cm2).High intensi- 
ty UV light exposure for longer periods can cause 
permanent damage. 
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~ 


ADDRESS = FIRST LOCATION 


System reliability is enhanced by Intel's CHMOS 
EPI-process techniques. Protection on each data 
and address pin prevents latch-up; even with 100 
mA currents and voltages from -1 V to Vcc + 1V. 
Additionally, the Vpp pin is designed to resist latch- 
up to the 14V maximum device limit. 


Quick-Pulse 
Programming™ 
Algorithm 


The Quick-Pulse Programming algorithm programs 
Intel's 87C257 EPROM. Developed to substantially 
reduce production programming throughput time, 
this algorithm can program a 87C257 in under four 
seconds. Actual programming time depends on the 
PROM programmer used. 


The Quick-Pulse Programming algorithm uses a 100 
microsecond initial-pulse followed by a byte verifica- 


tion to determine when the addressed byte is cor- 
rectly programmed. The algorithm terminates if 25 
100lJospulses fail to program a byte. Figure 5 shows 
the Quick-Pulse Programming algorithm flowchart. 


The entire program-pulse/byte-verify 
sequence is 


performed with Vcc = 6.25V and Vpp = 12.75V. 
When programming is complete, all bytes should be 
compared to the original data with Vcc = 5.0V. 


Alternate 
Programming 


Intel's 27C256 and 27256 Quick-Pulse Programming 
algorithms will also program the 87C257. Byoverrid- 
ing a check for the inteligent Identifier, older or non- 
upgraded PROM programmers can program the 
87C257. See Intel's 27C256 and 27256 data sheets 
for programming waveforms of these alternate algo- 
rithms. 
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D.C. PROGRAMMING 
CHARACTERISTICS 
TA = 25°C ± 5°C 


Table 
2 


Symbol 
Parameter 
Limits 
Test Conditions 


Min 
Max 
Unit 


III 
Input Current (All Inputs) 
1.0 
p.A 
VIN = VIL or VIH 


VIL 
Input Low Level (All Inputs) 
-0.2 
0.8 
V 


VIH 
Input High Level 
2.0 
Vcc + 0.5 
V 


VOL 
Output Low Voltage 
During Verify 
0.4 
V 
IOL = 2.1 mA 


VOH 
Output High Voltage 
During Verify 
Vcc 
- 
0.8 
V 
IOH = - 400 p.A 


'CC2(3) 
Vcc Supply Current 
30 
mA 


IpP2(3) 
Vpp Supply Current (Program) 
50 
mA 
CE = VIL 


VIO 
Ag inteligent 
Identifier Voltage 
11.5 
12.5 
V 


Vpp(l) 
Programming 
Voltage 
12.5 
13.0 
V 


VccC1) 
Supply Voltage 
During Programming 
6.0 
6.5 
V 


Symbol 
Parameter 
Limits 
Conditions 
Min 
Typ 
Max 
Unit 


tAS 
Address 
Setup Time 
2 
p.s 
.' 


toES 
OE Setup Time 
2 
p.s 
, 


tos 
Data Setup Time 
2 
p.s 


tAH 
Address 
Hold Time 
0 
p.s 


tOH 
Data Hold Time 
2 
p.s 


tOFP(2) 
OE High to 
0 
130 
ns 
Output Float Delay 


tvpS(l) 
Vpp Setup Time 
2 
p.s 


tVCS(l) 
Vcc Setup Time 
2 
p.s 


tpw 
CE Program Pulse Width 
95 
100 
105 
p.s 


tOE 
Data Valid from OE 
150 
ns 


NOTES: 
1. Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 
2. This parameter is only sampled and is not 100% tested. Output Float is defined as the point where data is no longer 
driven-see 
timing diagram. 
3. The maximum current value is with outputs 00 to 07 unloaded. 


12.0 V • - - - - - 


V1H 
Addr ••• 


V1L 


12.75 
V • - - - - - - - - - - - - - - - - - - - - - - - - 


ALE/Vpp 
V1H - - - 


6.25 V • 
_ 


5.0V 


VCC 


NOTES: 
1. The input timing reference 
level is VIL = O.BV and VIH = 2V. 


2. toE and tDFP are device 
characteristics 
but must be accommodated 
by the programmer. 


3. To prevent 
device 
damage 
during 
programming, 
a 0.1 ,..F capacitor 
is required 
between 
Vpp and ground 
to suppress 
spurious 
voltage 
transients. 


4. During programming, 
the address 
latch function 
is bypassed 
whenever 
Vpp = 12.75V or Ag = VH. When 
Vpp and Ag are at TIL 
levels, 
the address 
latch function 
is 
enabled, 
and the device functions 
in read mode. 


5. Vpp can be 12.75V during 
Blank Check 
and Final Verify; 
if so, CE must be VIH. 


87C75PF 
MICROCONTROLLER 
PERIPHERAL 1/0 
PORT EXPANDER WITH 32Kx8 EPROM 


• 
2 Configurable 
8-bit I/O 
Ports 
-Open 
Drain 
- 
Quasi-bi-dlrectlonal 
-CMOS 


• 
32K x 8 EPROM 
- 
200nS Access 
Time· 


• 
Quick-Pulse 
Programmlng™ 
Algorithm 
- 
4 Second 
Programming 


• 
Configuration 
Registers 
- 
Relocate 
the EPROM In Memory 
- 
Relocate 
the SFRs In Memory 
- 
Programmable 
RESET Level 
- 
Double 
or Single Plane Operation 


The microcontroller 
peripheral 
Port Expander 
contains 
two 8-bit bi-directional 
I/O ports, a 32K x 8 EPROM, 
fully 
multiplexed 
address/data 
pins, and a user-configurable 
architecture. 
A microcontrqller 
that 
accesses 
external 
memory 
must use two of its 8-bit I/O 
ports for multiplexed 
address/data 
lines. The Port Expander 
recovers 
these two ports while supplying 
needed 
EPROM memory. Considerable 
board space and design time 
can be saved by replacing 
discrete 
memory, port, address-decoder, 
address-latch, 
and glue chips with a single 
Port Expander 
chip. 


User-programmable 
options 
allow "no-glue" 
interfacing 
with 8051, 8096, and 80188 
microcontroller. 
families. 


EPROM and port addresses 
can be relocated 
within dual-64K-byte 
memory planes. Non·standard-architecture 
microcontrollers 
(68xx, 63xx, Z8xx, etc.) require only minimal 
"glue" 
chips to interface 
with the Port Expander. 


The programmable 
RESET input will conform 
to various 
microcontrollers. 
Its flexible 
architecture 
allows appli- 
cations 
to use multiple 
Port Expander 
chips. 


• 
No·Glue 
Microcontroller 
Interface 
- 
Programmable 
Memory 
Map 
- 
Programmable 
Control 
Signals 
- 
Built-in Address 
Latches 
-Integrated 
Address 
Decoder 


• 
Special 
Function 
Registers 
(SFRs) 
- 
Port Latch Read/Write 
- 
Port Pin Read 


• 
Low Power CHMOS·II·E 
- 
TTL Compatible 


• 
40·Pln DIP, 44·Lead 
PLCC 
(See 
Packaging 
Spec., 
Order 
# 231369) 


The device's 
flexibility 
accommodates 
several 
microcontroller 
architectures. 
Its default 
mode is ideal for dual- 
memory-plane 
8051 applications. 
A single plane option conforms 
to 80188, 
68xx, and 8-bit-mode 
8096 archi- 
tectures. 
The memory-plane 
overlap 
option 
allows address-constrained 
systems 
and 8051 systems 
that have 
code compiled 
from high-level 
languages 
to use multiple 
Port Expanders. 


'CHMOS 
is a patented 
process 
of Intel Corporation. 


."IEc.. 
III 
~ 
~ 
aI 


'" 


0"n 
m 
~ 
Ciii 
ca 
AI3 


CE 
PSEN 
_ 


_ 
_ 
RD 


WR/PGM ALE 


Vpp/RST 


Moster 
Control 
Circuit 


inter 


Intel's 8051-family and the 87C75PF form the most 
versatile, integrated microcontroller combination in 
the industry. No other solution provides a microcon- 
troller, 32K-bytes of EPROM and port expansion in 
only two chips. Also, the 87C75PF takes full advan- 
tage of the 8051's separate program- and data- 
memory planes. The 87C75PF uses all sixteen ad- 
dress/data lines and all of the 8051's control signals 
to access two 64K-byte memory planes. In fact, this 
architecture accommodates two 87C75PFs - 
64K- 
bytes of EPROM and 4 ports - 
still leaving room for 
60K of RAM and other features. 


The 87C75PF's versatility makes possible minimum- 
chip solutions for other microcontroller architec- 
tures, too. Single memory-plane modes are user pro- 
grammable 
for 
no-glue 
interfaces 
to 
8096BH, 
80C196, 8098, and 80188 controllers. 


Programmable memory map options will customize 
the 87C75PF for any application. Intel's 8051 and 
8096 microcontrollers have boot-up locations in the 
lower half of their memory maps. The 87C75PF's 
EPROM defaults to low memory for these control- 
lers. 80188, 68xx, and 63xx microcontrollers use 
high-memory boot-up (code and vector) addresses. 
A 
user 
programmable 
option 
will 
move 
the 
87C75PF's EPROM to the device's high-memory 
addresses. Special Function Registers and port ad- 
dresses can also be moved to any 2K-byte address 
boundary. 


Reset level varies depending on the microcontroller 
family. The 87C75PF's reset (RST) is active-high to 
match the 8051. Other microcontrollers have active- 
low reset. A programmable active-low reset option 
will configure the 87C75PF for these controllers. 


The 87C75PF has two 8-bit I/O ports. Port 1 is 
open-drain and port 2 is quasi-bi-directional. The 
open-drain port can be used for high impedance in- 
puts or "wire-ORed" input! outputs. The quasi-bi-di- 
rectional port can be used as inputs with built-in pull- 
up resistors or as low-current-drive outputs. Alter- 
nate modes allow either port to have active pull-up 
(CMOS) outputs. This output mode provides higher 
current, faster switching, and low power port drive. 


Primary applications are: 1) single-chip microcontrol- 
ler systems that have outgrown the controller's inter- 
nal code-memory and 2) multiple-chip systems that 
need features-integration, such as redesigned appli- 
cations that recover ports with discrete components. 
Typical memory expansion requires EPROM, port 
expander chips, address latches, address decoder 
and glue-logic chips - 
all are incorporated in the 
87C75PF (Figure 1). 


Vcc 


WR/PGIo4 


Pl.? 


Al4 
Pl.6 


Al3 
Pl.5 


Al2 
Pl.4 


All 
Pl.3 


A1D 
Pl.2 


A9 
Pl.l 


A8 
Pl.D 


GND 
Rii 


AD? 
ALE 


AD6 
P2.? 


AD5 
P2.6 


AD4 
P2.5 


AD3 
P2.4 


AD2 
P2.3 


AD! 
P2.2 


ADO 
P2.1 


PSEN 
P2.D 


inter 


Symbol 
Pin Number 
Function 
DIP 
PLCC 


VPP/RST 
1 
2 
In operating 
mode, VPP/RST 
is VIL or VIH and serves as the reset 
input. RST is user programmable 
as active-high 
or active-low 
via the 
Control 
Level Register 
(CLR.7). When RST is asserted, 
ports are set 
to inputs in non-CMOS 
mode or 1's in CMOS mode. With RST 
asserted, 
port-writes 
have no affect; port-latch-reads 
return "1s". 


VPP is the programming 
supply-voltage 
input. 


CE 
2 
3 
CE, the master device enable input, is active-low. 
When asserted, 
data can be written and read to/from 
the device. 
When CE is not asserted, 
the memory is in standby and cannot 
be 
accessed; 
ports cannot 
be accessed 
but maintain their current active 
states. 


A15-Aa 
3-10 
4-11 
High-order 
addresses 
flow into the device when ALE = VIH and are 
latched when ALE = VIL. 


GND 
11 
12,34 
VSS (Ground) 
pins. 


ADrADo 
12-19 
14-21 
Multiplexed 
low-order 
address/data. 
After ALE latches addresses, 
these pins input or output data depending 
on RD, WR/PGM, 
and 
PSEN. 
~. 


PSEN 
20 
22 
This active-low 
pin is the Program Store ENable. EPROM or non- 
volatile 
registers 
are read if this pin is asserte~ 
If bit ELR.6 is programmed 
("0"), 
PSEN and RD are internally 
combined. 
If either or both of these signals is VIL, EPROM or SFR 
data is accessed 
depending 
on the addre~ 
When VPP is at its programming 
voltage, 
PSEN and RD are internally 
combined, 
as described 
above. This allows a resident 
microcontroller 
to use its READ signal to verify programmed 
data during in-system 
programming. 


P2.0-P2.7 
21-28 
24-31 
8-bit I/O port pins with Quasi-bi-directional 
(internal pull-up) outputs. 
All Port 2 pins can be configured 
as CMOS outputs by programming 
Control 
Level Register 
bit CLR.5. 


ALE 
29 
32 
Addresses 
flow through the latches to address decoders 
when ALE = 
VIH. ALE's fallin~ge 
latches all addresses 
independent 
of CEo 


PSEN, RD, and WR/PGM 
are non-functional 
when ALE is VIH. Read 
and write modes are possible only when ALE is VIL. 


RD 
30 
33 
During normal operation, 
RD is used to read information 
from the 
SFRs. 
. 
If bit ELR.6 = "0", 
RD and PSEN are internally 
combined 
(see PSEN 
pin description). 
During programming, 
RD and PSEN are internally 
combined 
when 
VPP is at its programming 
voltage. 
This pin's location 
is the same as a 
megabit EPROM's 
GND pin. For compatibi!!!y' with PROM 
programmers 
that force this pin to ground, RD becomes 
non- 
functional 
when P1.0 is at VH. 


P1.0-P1.7 
31-38 
35-42 
General purpose 
8-bit open-drain 
I/O port pins. 
When P1.0 is at VH (12V) the Configuration 
Plane can be accessed 
(see the Mode table) and RD is internally 
disabled. 
To prevent device damage, 
Port 1 must be reset, by RST, or have a 
"1" written to P1.0 before VH is applied to P1.0. 
All Port 1 pins can be configured 
as CMOS outputs 
by programming 
Control 
Level Register CLR.6. 


WR/PGM 
39 
43 
The active-low 
WR/PGM 
is used to write data to the SFRs. During 
programming 
(VPP = 12.75V), the SFRs cannot 
be written, 
and this 
signal becomes 
the program-pulse 
control 
input. 


VCC 
40 
44 
This pin is the supply voltage 
input. 


inter 


EXTENDED 
TEMPERATURE 
(EXPRESS) 
uC PERIPHERAL 


Intel's EXPRESS microcontroller and application- 
specific peripheral families receive additional pro- 
cessing to enhance product characteristics. 
EX- 
PRESS processing is available for several microcon- 
trollers, EPROMs, and peripheral products allowing 
the appropriate device to match custom system ap- 
plications. EXPRESS devices are available with 168 
± 8 hour, 12S·C dynamic burn-in using Intel's stan- 
dard bias configuration. This process meets or ex- 
ceeds most industry burn-in specifications. The stan- 
dard EXPRESS operating temperature range is O·C 
to + 70·C. EXPRESS extended operating tempera- 
ture range (- 40·C to + 8S·C) and automotive tem- 
perature range (- 40·C to + 12S·C) products are 
also available. Like all Intel products, the EXPRESS 
family is inspected to 0.1% electrical AQL. This al- 
lows reduction or elimination of incoming testing. 


AUTOMOTIVE 
AND EXPRESS 
PRODUCT 
FAMILY 


Type 
Operating 
Burn-In 12S·C 
Temperature rC) 
(hr) 


Q 
O·Cto +70·C 
168 ±8 


T 
- 40·C to + 8S·C 
NONE 


L 
- 40°C to + 8SoC 
168 ±8 


AUTOMOTIVE 
AND EXPRESS 
OPTIONS 


Speed 
Packaging Options 


Versions 
CERDIP 
PLCC 


Contact your 
local Intel Sales 
Office for EXPRESS 
product availability 


A~11____ 
_ 
r 


Vcc ~ 
+5V, Vpp/RST ~ 
+5V, CE ~ GND, 
AD = +5V, WR/PillJ 
~ 
+5V, R = 10K 


(Vpp =TIL 
&: P1.0 
=TIL) 


FFFFh 
FBOOh 


(Vpp=m) 


OR 
(Vpp = 12.75 
&: PSR = Xl h) 


FFFFh 


(VpP= 
TIL &: P1.0=VH) 


OR 
(Vpp=12.75 
&: PSR=X2h) 


FFFFh 


OOOOh 


ViR 
Rii 


PSEN 


EPROt.l 
(OEFAULT 
LOCATION) 


CONFIGURATION 
PLANE 
290165-4 


The Port Expander contains three memory planes - 
EPROM plane, special function register/RAM 
(or 
SFR/RAM) plane, and the configuration plane. Fig- 
ure 4 shows the three memory planes. 


The EPROM's default location (in an erased device) 
is at the bottom 32K bytes (OOOOhto 7FFFh) of the 
64K-byte EPROM plane. The default location of the 
special function register block is F800h to FFFFh in 
the SFR/RAM plane. Non-volatile registers (NVRs) 
are mapped at addresses 7FFDh through 7FFFh in 
the configuration plane. 


Non-volatile registers are used to program the loca- 
tions of the EPROM, SFR block, and other features 
(see Figure 7). In normal operating mode, the config- 
uration plane cannot be accessed; only the EPROM 
and SFR/RAM 
planes are available. During pro- 
gramming/verification, 
the 
plane select 
register, 
PSR, (SFR default 
location 
F810h) determines 
which plane - 
EPROM or configuration - 
is ac- 
cessed. The EPROM array is programmed/verified if 
PSR contains xxxxxx01b (X1h). The configuration 
plane 
is 
programmed/verified 
if 
PSR contains 
xxxxxx10b (X2h) before Vpp is raised to 12.75V. 


NVRs in the configuration plane are also read if pin 
P1.0 = VH (12V) while Vpp = TTL. This allows 
PROM programmers to identify the device, down- 
load its configuration, and program duplicates ac- 
cordingly. 


The Port Expander can operate in several configura- 
tions. The configuration plane's non-volatile regis- 
ters configure the device for microcontroller-archi- 
tecture compatibility. 


8051 
architecture 
accommodates 
two 
64K-byte 
memory planes - 
program-memory and data-mem- 
ory planes. In its default mode (erased) the device is 
configured with these two independently address- 
able planes - 
a perfect companion for the 8051 
family. 


Many other 8-bit microcontrollers (8096BH, 8098, 
Z8xx, 68xx, etc.), and 8051s with code compiled 
from high-level languages, can handle only one 64K- 
byte memory plane. Another mode configures the 
device for single plane operation - 
again, a perfect 
8-bit microcontroller companion device. 


inter 


Often, more than two external ports and greater 
than 32K-bytes of external EPROM are required in 
single-memory-plane applications. Another mode al- 
lows two Port Expanders to supply 60K-bytes of 
EPROM and four 8-bit I/O ports - 
still leaving 4K- 
bytes for other read/write devices. 


The default configuration has two memory planes; 
program (EPROM) and data (SFR/RAM). This con- 
figuration is consistent with the 8051 architecture. 
The EPROM plane is read-only and is accessed by 
PSEN. The SFR/RAM plane is a read/write plane 
that is accessed by the RD and WR/PGM inputs. 
These signals and the sixteen address inputs pro- 
vide two 64K-byte memory-planes. 


Many microcontroller architectures have only one 
64K-byte memory plane. One way to configure the 
device for a single-plane is to simply tie PSEN and 
RD together and connect the combined read signal 
to the system's READ line. 


8051 machine code compiled from high-level lan- 
guages often can't deal with separate program- and 
data-planes. Systems using high-level languages 
usually form one 64K·byte memory plane by combin- 
ing PSEN and RD into a common READ signal (by 
using an AND gate). 


ONEDEVICE 
TWOPLANES 
(8051. 8096BH. 80188) 


TWODEVICES 
TWOPLANES 
(8051, 
8096BH. 80188) 


The Port Expander provides a better solution. If the 
EPROM Location Register bit ELR.6 is programmed, 
PSEN and RD are combined internally to form a 
common READ signal. Either of these signals can 
be used to gate data from the EPROM plane and/or 
SFR/RAM plane to the outputs. In effect, this mode 
forms a single 64K-byte memory plane. For 8051 
high-Ievel-Iangua~tems,~ 
external glue is reo 
quired to "AND" PSEN with RD. The 8051's PSEN 
and RD signals can be connected directly to the Port 
Expander's corresponding inputs. Single-plane, non- 
8051 microcontroller systems need to route their 
READ line to either, or both, PSEN or RD. If only one 
input is used, the other must be tied high. 


Two Port Expanders can fit in a single-memory- 
plane system by programming the configuration 
plane's non-volatile registers. To accomplish this, 
each device must have its SFR block mapped over a 
portion of its EPROM array. The SFR block can be 
placed on an'y 2K-byte boundary by programming 
the SFRLR. EPROM Location Register bit ELR.7 al- 
lows the EPROM to be moved to high memory or to 
remain in its default low-memory location. Program- 
ming ELR.6, the overlap bit, allows the EPROM 
plane to be mapped over the SFR/RAM plane; this 
also internally combines PSEN and RD. 2K EPROM 
bytes located at the SFR block's base-address are 
disabled and replaced by the 2K-byte SFR block. 


gs~rR~'12=l:r800h 
I- 
rOOOh 


880Oh:~3m:=1 
8000h 
7800h 


_L_-_-_-_-_-_..J_OO_OO_h:::S_r~R_·!:_:_j_11 
OOOOhL- __ 
..J 


ONE DEVICE 
TWODEVICES 


ONEPLANE 
ONEPLANE 


(8051, 8096BH. 80188. 
68xx) 
(8051. 
8096BH. 


63xx, 68xx) 


290165-5 


The 
Port Expander contains 
a 32,76B x 
B-bit 
EPROM. When erased, the EPROM is located be- 
tween EPROM plane addresses OOOOhand 7FFFh. 
This is a common boot-up address range for most 
microcontrollers, including B051 and B096 families. 
For microcontrollers that reset in high addresses, 
the EPROM can be relocated to device addresses 
BOOOhthrough FFFFh via the EPROM location 
Register. This also allows systems to use two Port 
Expanders - 
one with EPROM at low-memory and 
the other with EPROM relocated at high-memory. 


When a valid address is present, PSEN controls 
EPROM access. Asserting PSEN during non-valid 
addresses places device outputs at high impedance. 


SPECIAL 
FUNCTION 
REGISTERS 
(SFRs) 


SFR addresses described below and in Figure 6 are 
default in an erased device. A 2K-by1eblock (default 
locations FBOOhthrough FFFFh) is reserved for 
ports, plane select register (PSR), and future fea- 
tures. 
The 
SFR/RAM-block 
base 
address 
can 
change depending on the SFRlR's five most-signifi- 
cant bits (Figure 10). Only five SFR/RAM-block lo- 
cations are defined. Accessing any other addresses 
in this block places the external bus in a high imped- 
ance state allowing external devices to occupy 
these locations. 


Ports are accessed by reading or writing the SFRs. 
Port 1 and Port 2 latch data is read/written by ac- 
cessing locations FBOOhand FB01h. FB02h through 
FB07h are reserved for future port latches. Port 1 
and Port 2 pins are read at FBOBhand FB09h. Writ- 
ing to these locations has no effect. FBOAhthrough 
FBOFhare reserved for future port-pin locations. 


FB10h is a two-bit read/write plane select register 
(PSR). During program/verify, PSR's value before 
Vpp = 12.75V determines whether the EPROM- or 
configuration-plane is accessed. If PSR contains 
xxxxxx01b, the EPROM plane is programmed and 
verified. If PSR contains xxxxxx10b, configuration 
plane registers will be programmed and verified. In 
operating mode, the configuration plane cannot be 
accessed. However, in the configuration read mode 
(P1.0 = VH and Vpp = TIl) 
configuration registers 


'can 
be read (only) and the SFRs can be written 


(only). 


PSR 


Port 
1 
Port 
2 
Pins 
Pins 


Port 
1 Port 2 
Latch 
Latch 


NOTE: 
SFRs are shown 
in their default 
locations. 


The configuration plane contains the inteligent Iden- 
tifier™ and non-volatile registers. This plane is read: 
1) if P1.0 = VH(VH = 12V ±1V)whileVpp 
= TIl 


or 
2) if PSR contains xxxxxx10b while Vpp = 12.75V. 


Inteligent Identifier codes are at OOOOh(manufactur- 
er) and 0001h (device). NVRs are at 7FFDh (ClR), 
7FFEh (ElR), and 7FFFh (SFRlR). 


NVRs are programmed/verified by writing xxxxxx10b 
to PSR before Vpp = 12.75V; inteligent Identifier 
by1esare read-only. Figure 7 shows the configura- 
tion plane's NVR locations. Condition 1) above al- 
lows PROM programmers to check the device's 
configuration and locate the SFRs and EPROM. 
NVRs are EPROM cells which, when erased, con- 
tain "1s". 


CLR 
ELR 
srRLR 


IIANur DEVICE 
10 
10 


Control Level Register (CLR) 


The Control Level Register, CLR (7FFDh), is used to 
change the RST pin's active level and port output 
drive. RST is active-high and CMOS port-drive is dis- 
abled in an erased device. If the reset level bit, 
RSTL (CLR.7), is programmed ("0"), RST is active- 
low. Port 1 and/or Port 2 outputs will be CMOS if 
P1C (CLR.6) and/or P2C (CLR.5) are programmed. 


CLR 
7 
7FFDh 
o 


RESET PORTI PORT2 
lHESE arrs ARE 


LEVEl 
CMOS CMOS 
"DON'T CARE" 


CLR.7 = RESET 
LEVEL 
o = Active-Low 
1 ~ 
Active-High 
(Default) 


CLR.6 
~ 
PORT 
1 OUTPUT 
o ~ 
CMOS 
Output 
Drive 
1 = Open 
Drain 
(Default) 


CLR.5 = PORT 
2 OUTPUT 
o = CMOS 
Output 
Drive 
1 ~ 
Quasi-bi-directional 
(Default) 


EPROM Location Register (ELR) 


The EPROM Location Register (ELR) is at 7FFEh. 
The EPROM location bit, EL (ELR.7), places the 
EPROM at either top or bottom EPROM-plane ad- 
dresses. When erased, the EPROM array is at 
OOOOh-7FFFh in the 64K-byte address space. Pro- 
gramming 
ELR.7= "0" 
places 
the 
EPROM 
at 
8000h-FFFFh. 


When 
erased, 
the 
overlap 
option 
is 
disabled. 


EPROM and SFR/RAM blocks are in default loca- 
tions. PSEN accesses EPROM- and RD accesses 
the SFR-data. 


If the OVERLAP bit, OVLP (ELR.6), is programmed, 
EPROM and SFR/RAM planes overlap. PSEN and 
RD are internally combined. If either is VIL, EPROM 
or SFR data is accessed depending on the address. 


If the SFR/RAM block's 2K-byte boundary overlaps 
the EPROM array and ELR.6=0, 
the SFR/RAM 
block replaces 2K EPROM bytes. Accessing non- 
defined bytes in the 2K-byte space places the exter- 
nal bus in a high-Z state. By programming ELR.6, 
one-memory-plane microcontrollers (8096, 80188, 
'68xx) and 8051s with high-Ievel-Ianguage-compiled 
code can use two 87C75PFs. 


lHESE arrs ARE 


"DON'T CARE" 


ELR.7 = EPROM 
LOCATION 
o ~ 
High Memory 
1 ~ 
Low Memory 
(Default) 


ELR.6 
~ 
SFR/EPROM 
OVERLAP 
o ~ 
Overlap 
EPROM/SFRs 
1 = No Overlap 
(DefaUlt) 


SFR Location Register (SFRLR) 


The SFRLR (7FFFh) determines the SFR/RAM 
block's 
five 
most-significant 
base-address 
bits; 


SFRLR.7 = 
A15, SFRLR.6 = 
A14, SFRLR.5 = 
A13, SFRLR.4 = A12, and SFRLR.3 = A11. Pro- 
gramming this register places the SFR/RAM block 
on any 2K-byte boundary. For example, the SFRs 
are placed at 2800h by programming 00101xxxb. 


SFRLR 
7 


SFRLR.7 
~ 
A15 
SFRLR.6 
= A14 
SFRLR.5 
~ 
A13 


SFRLR.4 
= A12 
SFRLR.3 
~ 
All 
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Port 1 has 8 open-drain, bi-directional pins. Pins float 
if "1s" are written to latches or RST is asserted. 
They can then serve as high impedance inputs. 


P1.0 receives high voltage (VH = 12V) during the 
inteligent IdentifierlNVR Mode. P1.0 MUST BE RE- 
SET (BY RST OR BY WRITING "1" TO P1.0) BE- 
FORE APPLYING VH. For megabit PROM program- 
mer compatibility, P1.0 = VH disables RD. 


All Port 1 pins are CMOS outputs (TTL level in 
200ns, CMOS level in 1us) if P1C is programmed 
(CLR6= "0"). 
Asserting RST or writing "1s" will 
present CMOS VOHlevels. CMOS-configured Port 1 
pins should not be used as inputs. Port latch writes 
occur on WR's rising edge to prevent glitches when 
changing individual bits; other bits are not affected. 


INTERNAL 
DATA BUS 


WRITE TO 
LATCH 


RESET 


CONTROL 


Port 2 is an 8-bit quasi-bi-directional port. Writing 
"1s" asserts short-duration active pull-ups to guar- 
antee CMOS VOH levels within 200ns. Port 2 pins 
are held high by internal pull-ups allowing them to 
serve as inputs. Pins pulled low externally source 
current (lIU. Port 2 latches are set to "1s" upon re- 
set. 


Programming P2C (CLR.5= "0") configures Port 2 
as CMOS outputs. Asserting RST or writing "1s" 
outputs CMOS VOHlevels. CMOS-configured Port 2 
pins should not be used as inputs. Port latch writes 
occur on WR's rising edge to prevent glitches when 
changing individual port bits; other bits are not af- 
fected. 


INTERNAL 
DATA BUS 
WRITE TO 
LATCH 


RESET 


CONTROL 


PULSED 
PULL-UP 


The 87C75PF significantly reduces chip count and 
interfacing hardware in multiplexed address/data 
bus systems. Figure 13 shows a low power, small 
board space, minimum chip design. The controller's 
multiplexed bus (ADo-7) is tied to the 87C75PF's 
address/data pins. Separate address latches and 
address decoders are not needed because the 
87C75PF latches all sixteen addresses and decodes 
internal features within its two 64K-byte memory 
planes. 


ALE controls the 87C75PF's internal address latch- 
es. A V~ 
VJL!ransitio.!!...!.atchesthe present ad- 


dress. PSEN, RD, and WR control data-flow be- 
tween the controller and 87C75PF. 8051, 8096, and 
80188 families benefit from the 87C75PF's "no- 
glue" interface. 


80C31/ 
80CS1 FA 


PORTO 


ALE 
PORT 2 


PSEN 
Ri5 
ViR 
GND 
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MODE 
CE 
PSEN 
RD 
WR/PGM 
ALE(6) 
Vpp/RST(4) 
VCC 
P1.0(2) 
ADo-7 


Reset 
X(l) 
X 
X 
X 
X 
VIH 
5V 
X(10) 
X 


Read EPROM(12) 
VIL 
VIL 
VIH 
VIH 
VIL 
X 
5V 
X 
DOut 


Read SFR(12) 
VIL 
VIH 
VIL 
VIH 
VIL 
X 
5V 
X 
DOut 


Single Plane Read(8) 
VIL 
VIL orVIL 
VIH 
VIL 
X 
5V 
X 
DOut 


Output 
Disable 
VIL 
VIH 
VIH 
X 
VIL 
X 
5V 
X 
HighZ 


WriteSFR 
VIL 
VIH 
VIH 
VIL 
VIL 
VIL(14) 
5V 
XorVH 
Din 


Write Disable 
VIL 
X 
X 
VIH 
VIL 
X 
5V 
X 
HighZ 


Read/Write 
Disable 
VIL 
X 
X 
X 
VIH 
X 
5V 
X 
HighZ 


Standby 
VIH 
X 
X 
X 
X 
X 
5V 
X 
HighZ 


Program 
VIL 
VIH 
X(11) 
VIL 
VIL 
Vpp(3) 
VCp(3) 
VH(7) 
Din 
EPROM/NVR(5) 


EPROM/NVR 
Verify(5) 
VIL 
VIL 
X(ll) 
VIH 
VIL 
Vpp 
VCP 
VH 
DOut 


Program 
Inhibit 
VIH 
X 
X 
X 
X 
Vpp 
VCP 
X 
HighZ 


Alternate 
Program 
VIL 
VIH 
VIH 
VIL 
VIL 
Vpp 
Vcp 
X 
Din 


Alternate 
Verify(9) 
VIL 
VIL orVIL 
VIH 
VIL 
Vpp 
Vcp 
X 
DOut 


NVR Config Read(13) 
VIL 
VIL 
X 
VIH 
VIL 
X(7) 
5V 
VH 
DOut 


inteligent(13) 
- Manuf 
VIL 
VIL 
X 
VIH 
VIL 
X(7) 
5V 
VH 
89h 
Identifier 
- Device 
VIL 
VIL 
X 
VIH 
VIL 
X(7) 
5V 
VH 
DOh 


NOTES: 
1. X can be VIL or VIH. 
2. VH= 12.0V ± W. 
3. Vpp= 12.75V and Vcp=6.25v 
during programming. 
4. RST is active-high (erase default shown) or programmable via CLR.7 as active-low. 
5. The EPROM array is programmed/verified if PSR=Xlh. 
The NVR array is programmed/verified if PSR=X2h. NVRs and 
inteligent Identifier can be read when P1.0=VH and Vpp=TIL. 


6. Data cannot be read/written when ALE=VIH. ALE must toggle - 
VIH to VIL- 
to latch addresses. 
7. Reset must occur via Vp.£{.RSTor "1" written to P1.0 before Pl.0=VH. 
8. If ELR.6=0, PSEN and RD are internally combined. 
9. If Vpp= 12.75V, PSEN and RD are internally combined. If either is VIL, EPROM (PSR= Xl h) or NVR (PSR= X2h) data is 
verified. If Pl.0=VH, 
RD is non-functional. If Vpp=TIL 
and P1.0=VH, only NVRs and inteligent identifier can be read. 
10. RST sets port latches to "ls". 
After reset, P1.0 (="1") 
is protected when VH is applied. 


11. FS 
programmer compatibility, the 87C75PF's RD is disabled when P1.0 = VH. 
12. P EN and RD can be asserted simultaneously unless the EPROM and SFRs overlap & ELR.6= 1. 
13. Addresses must be latched during IdentifierlNVR reads. 
14. RST not asserted. 
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Table 1 lists 87C75PF operating and programming 
modes. Operating modes require a 5V power supply. 
Programming modes require 12.75V Vpp, 6.25V 
Vcc, and 12.0V IdentifierlNVR-read voltages. All in- 
put levels are TTL or CMOS except Vpp, Vcp, and 


VH· 


RST is an active-high input in an erased device. Pro- 
gramming CLR.7 ("0") makes RST active-low. As- 
serting RST for 500ns sets port latches to "1s". RST 
affects no other writable locations. Before a PROM 
programmer enters the 
inteligent 
Identifier/NVR 
read mode, RST should be asserted (or "1" written 
to P1.0) to set P1.0's pin. This protects P1.0 from 
damage by the 12.0V identifier voltage. 


PSEN enables EPROM data onto ADo-7 and con- 
trols the device's output buffer. This active-low pin 
functions only when CE and ALE are asserted. 
When an address is latched (ALE = VIL>,access 
time (tAVOV)equals the CE to output delay (tCLOV). 
Outputs display valid data tELOVafter PSEN's falling 
edge, assuming tAVOVand tCLOVtimes are met. 


RD enables SFR data onto ADo-7 and controls the 
device's ou~t 
buffer. This active-low pin functions 
only when CE and ALE are VIL. EPROM read mode 
timing requirements apply to this mode. 


This mode allows single-plane microcontrollers and 
8051-family 
controllers 
with 
high-Ievel-Ianguage- 
compiled code to use an 87C75PF without "glue" 
devices. It is possible to assert PSEN and RD simul- 
taneously. Data bus conflict will not occur if the 
SFRs are not memory mapped over EPROM array 
addresses. If SFR and EPROM addresses overlap, 
bus conflict can be avoided if the EPROM location 
register's "Overlap" bit (ELR.6) is programmed. Pro- 
gramming this bit also internally combines PSEN 
and RD. Asserting either (or both) enables EPROM 
or SFR data, depending on the address, onto 
ADo_7. See the "Overlapped Single Plane" section 
for details. 


Output Disable Mode 


If PSEN and RD are not asserted, the device's out- 
put buffers (ADo-7) are disabled. Data can be writ- 
ten to the 87C75PF or transferred to/from other de- 
vices. 


WR/PGM enables data on ADo-7 to be written into 
the SFRs. This active-low pin functions only when 
CE and ALE are VIL. When an address is latched 
(ALE = VILl and data has been present for tOVWH, 
WR's rising edge latches data into an SFR. Other 
A.C. timing parameters must be observed. 


SFR data cannot be written when WR/PGM is high. 
Low-address and data share common pins, but the 
device allows new addresses only when ALE is high; 
data can be written only when ALE is low. 


SincE1the Port Expander uses a multiplexed ad- 
dress/ data bus, data can be read or written only if a 
valid address is latched. To prevent erroneous reads 
or spurious writes of invalid data, PSEN, RD, and 
WR/PGM are non-functional when ALE is high; how- 
ever, new address information can enter the ad- 
dress latches. ALE's falli~ 
edge latches the ad- 
dress and enables PSEN, RD, and WR/PGM. 


S~ndby 
mode substantially reduces VCC current. 


CE = VIH places output buffers in low-power, b!9!1 
impedance mode independent of PSEN, RD, or WR. 
Two-line output control (CE+ PSEN or CE+ RD) 
provides: 
a) minimum memory power dissipation, and 
b) assurance that data bus contention will not occur. 


To efficiently use two-line control, address decoding 
circuitry should enable CEo PSEN should be con- 
nected to the microcontroller's program-store en- 
able (PSEN),RD to the controller's data-read enable 
(RD), and WR/PGM to its write control (WR). This 
assures that only selected memory and peripheral 
devices have active inputs and outputs while non- 
selected devices are in low-power standby mode. 
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EPROM/Configuration 
(NVR) 
Programming 
Mode 


Initially and after each erasure, all EPROM and NVR 
bits are in the "1" state. Data is introduced by selec- 
tively programming "Os" into the desired bit loca- 
tions. Although only "Os" are programmed, the data 
word can contain both "1s" 
and "Os". Ultraviolet 
light erasure is the only way to change "Os" to "1s". 


The programming mode is entered when Vpp is 
raised to its programming voltage. After latching an 
address, data is programmed by~I~ 
an 8-bit 
word to data pins ADo-7. Pulsing WR/PGM to TTL- 
low while CE and ALE are VILwill program data. TTL 
levels are required for address and data inputs. 


To accommodate PROM programmers that force 
the RD pin to ground (DIP pin 30), applying 12V to 
EQ..rtpin P1.0 will internally disable the 87C7SPF's 
RD input. When Vpp is not at its programming volt- 
age the device is in the inteligent Identifier mode. 
When Vpp is raised for programming, the inteligent 
Identifier mode is disabled. 


EPROM and NVR Verify 


With Vpp and Vcc at their programming levels and 
CE asserted, EPROM or configuration data (depend- 
ing on PSR's contents) can be verified. To simplify 
on-board and in-system programming, PSEN and 
RD are internally combined when Vpp is' at its pro- 
gramming level. Either signal can be used to verify 
programmed data (if P1.0 is not VH). 


For compatibility with PROM programmers equipped 
for word-wid~megabit 
EPROMs, DIP-pin 30 - 
the 
87C7SPF's RD pin - 
is internally disabled when 
P1.0 is VH. 


Program Inhibit 


The Program Inhibit mode allows parallel program- 
ming and verification of multiple devices with differ- 
ent data. With Vpp at its programming voltage, a 


WE/PGM pulse programs any device that has CE 
asserted. Programming is inhibited on any device 
with CE not asserted. 


Alternate 
Programming 
and 
Verification 
Modes 


For programmers that can apply VIH or Vcc to RD, 
the EPROM and NVRs can be programmed using a 
more conventional slow-motion write-mode-type al- 
gorithm. 12V need not be applied to P1.0 to disable 
the RD pin during the alternate programming mode. 
PSEN and RD are internally combined when Vpp is 
applied, and either signal can be used to enable 
EPROM or NVR data during program verification. 
See the Quick-Pulse Programming algorithm flow- 
chart and waveforms at the end of this data sheet. 


Programming equipment determines the device's 
manufacturer, type, and configuration (NVR con- 
tents) by using the inteligent IdentifierlNVR Mode. A 
programmer can read a master device's identifier 
and NVRs, select the proper algorithm, and program 
duplicates accordingly. 


The configuration plane is accessed by raising port 
pin P1.0 to VH = 12.0V. Before P1.0 is brought to 
VH, Port 1 must be reset by asserting the Vpp/RST 
pin or by writing a "1" to P1.0's latch. When ALE 
latches a valid address and PSEN is VIL, identifier/ 
NVR data appears on Address/Data pins ADo-7. 
For compatibility with programmers that support me- 
gabit EPROMs, RD, which is usually forced to 
ground, is "don't-care" when P1.0 = VH. When CE, 
ALE, and PSEN are VIL and P1.0 = VH, identifier/ 
NVR data can be read. While in this mode, the SFR/ 
RAM plane cannot be read but can be written. The 
PSR register can be configured so that either the 
EPROM or configuration plane is programmed when 
Vpp is raised. This mode's temperature range is 
2SoC+ SoC. 
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Read Operating 
Temperature 
O·C to + 70·C(2) 


Case Temperature 
Under Bias .. -1 O·C to + 80·C(2) 


Storage Temperature 
- 65·C to + 150·C 


All Input or Output Voltages 
-2.0V 
to + 7.0V(1) 
with Respect 
to Ground 


Voltage 
on Pin P1.0 
-2.0V 
to + 13.5V(1) 


with Respect 
to Ground 


Vpp Supply Voltage 
- 2.0V to + 14.0V(1) 
with Respect 
to Ground 


Vee Supply Voltage 
+ 2.0V to + 7.0V(1) 
with Respect 
to Ground 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE' Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Notes 
Mln 
Max 
Units 
Test Conditions 


III 
Input Load Current (AS-15) 
1.0 
/LA 
VIN = OVtoVee 


ILO 
Output 
Leakage Current (ADo-7) 
10 
/LA 
Your 
= OV to Vee 


ISB 
Vee Current Standby 
6 
5 
mA 
~- 
inactive, ALE = VIL 


Ice 


Vee Current Active 
4 
60 
mA 
~-active, 
ALE = VIH 
f(Hz) = 1/tAVDV, lour= 
0 mA 


VIL 
Input Low Voltage 
1 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vee+0.5V 
V 
- 


VOL 
Output Low Voltage 
0.45 
V 
10L = 2.1 mA 


__ i 


VOH 
Output High Voltage 
1 
2.4 
V 
10H = 
-400p.A 


10S 
Output Short Circuit Current 
5 
100 
mA 
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Symbol 
Parameter 
Notes 
Mln 
Max 
Units 
Test Conditions 


III 
Input Load Current (AS-15) 
1.0 
IJoA VIN = OV to Vcc 


ILO 
Output Leakage Current (ADo-7) 
10 
IJoA VOUT = OV to Vcc 


IS8 
Vcc Current Standby 
6 
5 
mA 
CE-inactive, 
ALE = VIL 


Icc 
Vcc Current Active 
3 
45 
mA 
CE-active, 
ALE = VIH 
4 
f(Hz) = 1/tAVDV, 10UT=0 
mA 


VIL 
Input Low Voltage 
1 
-0.2 
0.8 
V 


VIH 
Input High Voltage 
0.7 Vcc 
Vcc+0.2V 
V 


VOL 
Output 
Low Voltage 
0.40 
V 
10L = 2.1 mA 


VOH 
Output High Voltage 
1 
Vcc-0.8 
V 
10H = 
-400 
IJoA 


los 
Output Short Circuit Current 
5 
100 
mA 


NOTES: 
1. Minimum DC input voltage is -O.5V during transitions. Inputs may undershoot to -2.0V 
for periods less than 20 ns. 


Maximum output-pin DC voltage is Vcc+0.5V; 
overshoot may be Vcc+2.OV for periods less than 20 ns. 


2. This specification defines commercial-product operating temperatures. EXPRESS and Automotive versions are available 
as noted. 
3. ~ 
is Vcc±0.2V 
(S7C75PFinactive) or ±0.2V (S7C75PFactive). Other inputs can have any value within specification. 


4. Maximum current value with outputs unloaded. 
5. One output shorted for no more than one second. los is sampled but not 100% tested. 
6. Port latches set to "1 s"; outputs unloaded. 


Symbol 
Parameter 
Notes 
Mln 
Max 
Units 
Test Conditions 


III 
Input Leakage Current 
1 
10 
IJoA Oo4V ,,;:VIN ,,;:Vcc 
Port 1 Open Drain 


IlL 
Logic 0 current Port 2 
2 
-50 
IJoA P2.xlatch="1", 
VIN=OV 
(Quasi·bi·directional) 


Ports 1&2 
-0.5 
0.2Vcc-0.1 
V 
- 


VIL 
Input Low Voltage 
RST Input 
3 
-0.5 
0.2Vcc-0.1 
V 


Ports 1&2 
0.2Vcc+·9 
Vcc+0.5 
V 
VIH 
Input High Voltage 
RST Input 
3 
0.7Vcc 
Vcc+0.5 
V 


VOL 
Output 
Low Voltage 
0.40 
V 
10L = 3.2mA 


CMOS mode 
2.4 
V 
10H = 
-400 
IJoA 


Ports 1&2 
0.9Vcc 
V 
10H = 
-40IJoA 
VOH 
Output High Voltage 
Quasi-bi- 
204 
V 
10H = 
-60 
IJoA 


dir Port 2 
0.9Vcc 
V 
10H = 
-10 
IJoA 


NOTES: 
1. Input Leakage current does not apply to Port 2. 
2. This specification assumes that Port 2 pins are internally driven to "1" but are externally pulled low 
3. RST has hysteresis. VIL is valid at or below 0.2 Vcc - 
O.W. VIH is valid at or above 0.7 Vcc. 
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Symbol 
Parameter 
Max 
Units 
Conditions 


CIN 
Address/Control 
Capacitance 
6 
pF 
VIN = OV 


COUT 
Output Capacitance 
12 
pF 
VOUT = OV 


Cvpp 
RST IVPP Capacitance 
25 
pF 
VIN = OV 


CliO 
Port Pin Capacitance 
10 
pF 
VOUT = OV 


NOTE: 
1. Sampled. Not 100% tested. 


VOH 


OUTPUT 


VOL 


290165-14 
A.C. test inputs are driven at VOH(2.4 VnLl 
for a logic 


"1" and VOL (0.45 VnLl 
for a logic "0". 
Input timing begins at 1.5V. 
Output 
timing 
ends 
at 
VIH 
(2.0 
VnLl 
and 
VIL 


(0.8 VnLl. 
Input Rise and Fall Times (10% to 90%) s: 10 ns. 


VOH 


INPUT 


VOL 


DEVICE 
UNDER 
TEST 


CL = 100 pF 
CL Includes Jig Capacitance 


V1H 
CE 
VIL 


V1H 


AS-15 
V 
IL 


VIH 
ADo_7 
V 
IL 


VIH 
ALE 
VIL 


VIH 
PSEN.R5 
VIL 


V1H 
WR 
VIL 


VIH 
PORT PIN 
VIL 


RST V1H .--,.~-- 
- ~~-------------------- 
--- 
----- 
---------------- 
--------. 


VIL-'1-~~s..E.:.~-------------------------- 
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L: 
ALE or Latch Enable 
P: 
VPP Programming 
Voltage 
Q: 
Port Output 
S: 
RST (Reset 
Pin) 
T: 
Time 
V: 
Valid 
W: 
Write Enable 
X: 
No longer a valid "driven" 
logic level 
Z: 
Float or High-Z 
level 


Each timing 
symbol 
has five characters. 
The first is 
always 
a "t" 
(for time). 
Second 
and fourth 
charac- 
ters 
represent 
signal 
names. 
Third 
and fifth 
repre- 
sent 
the 
signal's 
logical 
state. 
The 
following 
list 
shows 
character 
representations. 


A: 
Address 
C: 
Chip Enable or VCC Supply Voltage 
0: 
Data (or instruction) 
E: 
PSEN or RD Enable 
G: 
PGM (Program 
Strobe) 
H: 
Logic High level 


For example, 
tAvLL = Time from Address 
Valid to ALE Low 
WL 
= Time 
form 
ALE 
Low to Enable 
(PSEN 
or 
RD) Low 


Parameter 
Versions 
Vcc±5% 
I 87C75PF·200V05 
87C75PF·250V05 
Unit 
No 
Symbol 
Characteristic 
Notes 
Mln 
Max 
Min 
Max 


1 
tLHLL 
ALE Pulse Width 
50 
50 
ns 


2 
tAVLL 
Address 
Valid to ALE Low 
7 
15 
ns 


3 
tLLAX 
Address 
Hold after ALE Low 
20 
30 
ns 


4 
tLLEL 
ALE Low to PSEN or RD Low 
20 
30 
ns 


5 
tLHDV 
ALE High to Valid Data 
235 
305 
ns 


6 
tAVDV 
Address 
Valid to Data Valid 
3 
200 
250 
ns 


7 
teLDV 
CE Active to Data Valid 
1,3 
200 
250 
ns 


8 
tELDV 
PSEN or RD Low to Data Valid 
2,3 
75 
100 
ns 


9 
tEHDX 
PSEN, RD, CE, or Address 
Invalid - 
0 
0 
ns 
Whichever 
is first - 
to Data Invalid 


10 
tEHDZ 
PSEN or RD High to Data High-Z 
4 
35 
45 
ns 


11 
tLLWL 
ALE Low to WR Low 
20 
30 
ns 


12 
tWLWH 
WR Pulse Width 
60 
80 
ns 


13 
tWHLH 
WR High to ALE High 
20 
30 
ns 


14 
tAVWH 
Address 
Valid to WR High 
200 
250 
ns 


15 
tevwH 
CE Active to WR High 
200 
250 
ns 


16 
tDVWH 
Data Valid to WR High 
60 
80 
ns 


17 
tWHDX 
WR High to Data Invalid 
10 
20 
ns 


18 
taVEL 
Port Input Valid to RD Low 
15 
25 
ns 


19 
tEHQX 
Data Hold after RD High 
0 
0 
ns 


20 
tWHQV 
WR High to Port Output Valid 
225 
250 
ns 


21 
tsvsx 
RST Pulse Width 
500 
500 
ns 


22 
tSXAV 
RST Inactive to Address 
Valid 
0 
0 
ns 


NOTES: 
1. !cLOV is 1 fLs during 
inteligent 
Identifier/NVR 
Mode. 
2. tELOV is 750 ns during 
inteligent 
Identifier/NVR 
Mode. 


3. Output 
load is 100 pF for tAVOV, !cLOV, and tELOV. 
4. Output 
Load is 5 pF for tEHoZ, which 
is measured 
at high-Z 
±500 
mY. 


14-41 
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Caution: Exceeding 
14Von Vpp will permanently 
damage the device. 


Program and Data Planes 


During programming (Vpp = 12.75V),the SFR/R.AM 
plane is not available, only the EPROM and configu- 
ration planes (depending on PSR's value) can be 
accessed. The SFR/RAM plane is accessed only 
when Vpp is VIL or VIH. 


Programming 
the EPROM Plane 


The EPROM array is programmed if the plane select 
register (PSR) contains )()()()()()(01 
b (X1h) when Vpp 
is raised to 12.75V. In an erased device, the EPROM 
array occupies addresses OOOOhthrough 7FFFh and 
is programmed at these locations. After program- 
ming, the array can be relocated to addresses 
8000h-FFFFh by programming the EPROM location 
register bit ELR.7 (EL) in the configuration plane. Al- 
ternately, the EPROM array can be relocated first 
via ELR.7 and programmed at addresses 8000h- 
FFFFh. 


Programming 
the Configuration 
Plane 


The configuration plane contains five information 
by1es. Addresses OOOOhand 0001h contain read- 
only inteligent identifiers. The control level register, 
EPROM location register, and SFR location register 
are at 7FFDh, 7FFEh, and 7FFFh. These latter three 
non-volatile registers (NVRs) are made of EPROM 
cells. EPROM registers allow the device to be con- 
figured, or erased and reconfigured, for various mi- 
crocontroller architectures. 


These registers are programmed if the plane select 
register (PSR) contains )()()()()()(10b(X2h) when Vpp 
is raised to 12.75V. Once this plane is entered, it is 
programmed and verified just like the EPROM plane. 


ERASURE 
CHARACTERISTICS 
(FOR 
CERAMIC, 
WINDOWED 
EPROMS) 


Exposure to light of wavelength shorter than 4000 
Angstroms (A) begins erasure. Sunlight and some 
fluorescent lamps have wavelengths in the 3000- 
4000A range. Constant exposure to room-level fluo- 
rescent light can erase an EPROM in about 3 years 
(about 1 week for direct sunlight). Opaque labels 
over the window will prevent unintentional erasure 
under these lighting conditions. 


The recommended erasure procedure is exposure 
to 2537A ultraviolet light. The minimum integrated 
Erasure time using a 12000 uW/ cm2 ultraviolet lamp 
is approximately 15 to 20 minutes. The EPROM 
should be placed about 1 inch from the lamp. The 
maximum integrated dose is 7258 Wsec/cm2 
(1 
week - 12000 uW/cm2). High intensity UV light ex- 
posure for longer periods can cause permanent 
damage. 


QUICK-PULSE 
PROGRAMMINGTM 
ALGORITHM 


The Quick-Pulse Programming algorithm programs 
Intel's 87C75PF Port Expander. Developed to sub- 
stantially reduce production programming through- 
put time, this algorithm allows optimized program- 
ming equipment to program an 87C75PF in under 
four seconds. Actual programming time depends on 
the PROM programmer used. 


The Quick-Pulse Programming algorithm uses a 100 
microsecond initial-pulse followed by a by1everifica- 
tion to determine when the addressed by1e is cor- 
rectly programmed. The algorithm terminates if 25 
1OOuspulses fail to program a by1e.Figure 14 shows 
the 87C75PF Quick-Pulse Programming algorithm 
flowchart. 


The entire program-pulse/by1e-verify and final verify 
sequence is performed with Vcc = 6.25V and Vpp 
= 12.75V. When programming is complete, all by1es 
should be compared to the original data with Vcc = 
5.0V. 


290165-17 
·P1.0 
= 12V is used to intrnally 
disable 
the del/ices 
RD input for PROM 
programmers 
that ground 
this pin. 


Figure 14. 87C75PF 
Quick-Pulse 
Programmlng™ 
Algorithm 
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Symbol 
Parameter 
Notes 
Mln 
Nominal 
Max 
Units 
Test Conditions 


III 
Input Load Current 
1.0 
,.,.A 
VIN = Vil or VIH 


ICC2 
Vcc Supply Current 
2 
60 
mA 
CE = ALE = Vil 


Ipp 
Vpp Supply Current 
2 
50 
mA 
CE = WR = ALE = Vil 


Vil 
Input Low Voltage 
-0.2 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc+0.5V 
V 


VOL 
Verify Output Low Voltage 
0.40 
V 
IOl = 2.1 mA 


VOH 
Verify Output High Voltage 
Vcc-0.8 
V 
IOH = -400,.,.A 


VIO 
P1.0 Identifier/Configuration- 
11.0 
12.0 
13.0 
V 
Read Voltage 


Vpp 
Programming 
Voltage 
1 
12.5 
12.75 
13.0 
V 


Vcc 
Supply Voltage 
During 
1 
6.0 
6.25 
6.5 
V 
Programming 


NOTES: 
1. Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 
2. Maximum current value is with Address/Oata pins AOO_7in write mode; port pins are unloaded. 


Parameter 
Umlts 


No 
Symbol 
Characteristic 
Mln 
Nominal 
Max 
Units 


A 
tlHll 
ALE Pulse Width 
100 
ns 


B 
tAVll 
Address 
Valid to ALE Low 
20 
ns 


C 
tlLAX 
Address 
Hold after ALE Low 
50 
ns 


0 
tOVGl 
Data valid to WR/PGM 
Low 
2 
,.,.s 


E 
teHGl 
Vcc Setup Time to WR/PGM 
Low 
2 
,.,.s 


F 
tllGl 
ALE to WR/PGM 
2 
,.,.s 


G 
tpHGl 
Vpp Setup Time to WR/PGM 
Low 
2 
,.,.s 


H 
lGlGH 
WR/PGM 
Program Pulse Width 
95 
100 
105 
JAos 


I 
lGHOX 
Data Hold after WR/PGM 
High 
2 
,.,.s 


J 
tOXEl 
Data In Float to PSEN or RD Low 
2 
JAos 


K 
tElEH 
PSEN or RD Verify Pulse Width 
150 
ns 


L 
tEHlH 
PSEN or RD High to ALE High 
0 
ns 


M 
tEHOZ 
PSEN or RD High to Instruction/Data 
High-Z 
0 
35 
ns 


~~ 
~ 
:; 
;; :i 
! ;' >' ;' 


e 
3 
Itj 
5 
I~ 
... 
! 
a 
l~ 
~ 
~ 
:;; 
> 
:;; 
I~ 
.. 
0 
"'- 
.. 
.. 
•... 
N 


I~ 


•... 
.. 
.. 
.. 
"'- 
0 
0 
t 
.. 
.. 


> 


NOTES: 
1. When 
Vpp = Programming 
Voltage, 
either J55Ejij or R5 will access 
EPROM 
(if PSR = xl h) or Configuration 
(if PSR 


= x2h) Planes 
and inteligent 
Identifier 
mode 
is disabled. 
2. RD is Don't-eare 
when 
Pl.0 
= VH. 


3. Port 1 must be RESET 
or "1" 
written 
to Pl.0 
before 
VH is applied 
to Pl.0. 
All other 
Port 1 and Port 2 pins should 
be 
driven 
at High-Z 
or VIH during 
programming. 
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NOTES: 
1. When 
Vpp = Programming 
Voltage, 
either 
PSEN or RD will access 
EPROM 
(if PSR = x1 h) or Configuraton 
(if PSR 
= x2h) Planes 
and inteiigent 
Identifier 
mode 
is disabled. 
2. RD is Don't-care 
when 
P1.0 = VH. 
3. Port 1 must be RESET 
or "1" 
written 
to P1.0 before 
VH is applied 
to P1.0. All other 
Port 1 and Port 2 pins should 
be 


driven 
at High-Z 
or VIH during 
programming. 
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Support 
Tools 


COJIPfEI'E 
sorrWA.E 
DEJ'EUJrMENT slJrftlllf' 
I'fJIl TilE 
Mcsa-fJI FA"""t' 01' MI€IlO€ONTIlOUE.S 


Intel supports application 
development for its Ma:,"·51 
family of mit'm(.~mtrollers with n complete 
set of development languages and utilities. These \,(Hlls Include a macnlllssembler, 
a PliM mmpller. 
linker/relocator 
program. a librarian 
utility, and an object·\,(>-hexutility. !Jt,>velopcode In the 
languagels):,oo 
desire. then combine oble<.t modules fmm dllTcrent lanRuages in\,(l a single. fast 
program. These tools were designed to work with each other. with Ule MC8-51 architecture. 
and with 
the Inte11C1'5100 In-clrcult emulator. 


I'BATIJDS 


• 
Support for all members of the Intel MCS-51 
family of embedded mlcrocontrollers 
• 
ASM·51 Macroassernbler 
• 
PlJM·51 hlgh·levellanguage 
• 
LlnkerlRelocator 
program 


• 
Library 
utility 
• Object \,()hexadecimal converter 
• 
Hosted on IBM PC XT/AT V. 3.0 or later 
• Worldwide service and support 


intef-------- 
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A8M-51 MACllOtl88EIfIBUR 


A8M-51 is the macruassembler for the MC8-51 family of 
micromntrollcrs. 
ASM-51 provides full and accurate support 
for all of the specific component's instroctions. It also 
provides symbolic accf':SSto the many features of the 
MCS·51 family of mirrocontrollers. Also provided is an 
"includc" file with all t~ appropriate component registers 
and memor~ spaces defined. 


The macro facility in A8M·51 saves development and 
maintenance time. since common code sequences needonly 
be developed onre. 


P£/1fI-51 COMPIUR 


PLIM-51 is a high-level language designed to support the 
software requirements of the MC8-51 family of 
microcontrollers. The PLIM·51 compiler translates PLIM 
high·levellanguage statements into MC8-51 relocatable 
object code. Major features of the PLIM·51 compiler include: 


• 8&nlChlftlil 
••.•••• 11••••• 
rar _ 
er 
•••• ~ 
II" eaII~e.&. 
The PUM·51 
language supports modular and stru<1ured programming. 
making programs easier to understand. maintain. and 
debug. 


• Datil &yllfttrlldlltale 
"II•.••• 
_ 
••• 
r•• 
UoII8. P1JM-51suppor~~three data types to 
farilitatl' 
varKIlISarithmetic. logic and address functions. 


The langual,'ealso uses I:lASI'D variahles that map more 
than one variable to the same mrmory location to save 
memory spal:t'. 


• IIIIernIIII 
IIUri-..e 
8IIIftAI8.-1 
•• 
ef1'er&. 
The IN'I'I'RRUP'!'attribute allows you to easily define 
interrupt handling procedures. The compiler will generate 
code to save and restore the program status word for 
INTERRUPTprocedures. 


• (A4Ie 
•••••••••••••• 
ftlII_ -r 
...,..1raM:.bI. 
The PLIM-51 compiler has foor 
dilTerent levels of optimization for significantly reducing 
the size of the program. 


• ta••-.e 
-1IIIIJIII11&y 
811_ ~""eM 
U.e. PLIM·51 object modules are compatible With 
object modules generated by all other MC8-51 language 
translators. This compatibility allows for easy linking of 
all modules and the ability to do symbolic debugging with 
the InteIICE5100 in-circuit emulator. 


ll£-lJI U.-rilleleatler 


Intel's RL·Sl utility is used to link multiple MCS-51 obj<X:t 
modules into a single program. resolve all references 
between modUles and assign absolute addresses to all 
relocatable segments. Modules can be written in eitber 
ASM·Sl or PLIM·S1. 


UB-lJl 


The Intel LIB-Sl utility creates and maintains libraries of 
software object modules. Standard modules can be plam! 
in a library and linked into yoor applications programs 
using RI.·S1. Wben using libraries. the linker will link only 
those modules that are reqUired to satisfy e~ternal 
references. 


LIB·Sl and RL·Sl make it easy to reuse software modules 
that are fully debugged and used by various applications. 
thus shortening the sdtwarc development cycle. 


011 OB.IECI' I'tJ HEXADECIMAL 
CONl'EIlI'EIl 


The OH utility converts Intel OMF·51 object modules into 
htandard hexadecimal format. This all(l\\ls the code to be 
loaded directly into PROMvia non·lntel PROM 
programmers. 


SEIlJ'ICE, 
SlJrrfHlT, 
AND I'IlAINING 


Intel augments its MCS·Sl architecture family of 
development tools with a full array of seminars. classes. 
and workshops; on·site consulting services; field application 
engineering expertise; telephone hot·line support; and 
softwarc and hardware maintenance contracts. This full line 
of services will ensure yoor design sucoess. 


MC8-S1 Assembler for PCXT or AT 
system (or compatible). running DOS3.0 
or higher 


PLIM·Sl Software Package for PC XT or 
AT system (or compatible). running OOS 
3.0 or higher 


• Also Includes: RelocatorlLlnker. Object-to·hex converter. and Librarian. 


PIlO6IttMItIEIl 
SIJPPOIl'I' 


AEDIT Is a full-screen text editing system designed specifically 
for software engineers and technical 
writers. 
With the facilities for automatic program 
block Indentation. 
HEX display and input. and full 
macro support. AEDIT is an essential tool for any programming 
environment. 
And with AEDIT. the 
output file is the pure ASCII text (or HEX code) you Input-no 
s~ial 
characters or propriWIry 
formats. 


Dual file editing means you can create souroe rode and Its supporting 
documents at the same time. 


Keep your program 
listing with its errors In the background for easy reference while correcting 
the 
souroe in the foreground. 
Using the split-screen windowlng 
capability. 
it is easy to compare two files. 
or copy text fl'Olll one to the other. The DOS system-escape command eliminates the need to leave the 
editor to compile a program. get a directory 
listing. or execute any other program executable at the 
DOS system level. 


There are no limits placed on the size of the file or the length of the lines processed with AEDIT. It 
even has a batch mode for those times when you need to make automatic string substitutions 
or 
insertions 
in a number of separate text files. 


AEDIT I'EATIJIlES 


• 
Complete range or editing support-from 
document processing to HEX rode entry and 
modification 
• 
Supports system escape for quick execution 
of PC-DOS System level commands 
• 
Full macro support for complex or repetitive 
editing tasks 


• 
Hosted on PC-DOS and RMX operating 
systems 
• 
Dual file support with optional split-screen 
windowing 
• 
No limit to file size or line length 
• 
QUick response with an easy to use menu 
driven interface 
• 
Configurable and extensible for complete 
control of the editing process 
inter---------- 
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rowERl'lJ£ 
TEXT EDITfIIl 


As a text editor. AEDIT is versatile and complete. In addition 
to simple character insertion and cursor positioning 
commands. Ar:DIT supports a number of text block 
processing commands. Using these commands you can 
easily move. copy. or delete both small and large blocks of 
text. AEDIT also provides facilities for forward or reverse 
string searches. string replacement and query replace. 


AEDIT removes the restriction 
of only inserting characters 
when adding or modifying text. When adding text with 
AEDIT you may choose to either insert characters at the 
CUITentcursor location. or over·write the existing text as you 
type. This nexibility 
simplifies the creation and editing of 
tables and charts. 


IJSERINTERFACE 


The menu-driven interface AEDIT provides makes it 
unnecessary to memorize long lists of commands and their 
syntax. Instead. a complete list of the commands or options 
available at any point is always displayed at the bottom of 
the screen. This makes AEDIT both easy to learn and easy 
to use. 


I'IJU nEXIBIUTY 


In addition to the standard 
PC terminal support provided 
with AEDIT. you are able to configure AEDIT to work with 
almost any terminal. This along with user-definable macros 
and full adjustable tabs. margins. and case sensitivity 
combine to make AF,DIT one of the most nexible editors 
available today. 


IfIACIlO SIJPPORT 


AEDIT will create macros by simply keeping track of the 
command and text that you type. "learning" 
the function the 
macro is to perform. The editor remembers your actions for 
later execution. or you may store them in a file to use in a 
laler editing session. 


Alternatively. you can design a macro using AEDlT's 
powerfUl macro language. Included with the editor is an 
extensive library of useful macros which you may use or 
modify to meet your individual 
editing needs. 


TEXT PROCESSING 


For your documentation 
needs. paragraph 
filling or 
justification 
simplifies the chore of document formauing. 
Automatic carriage return insertion means you can focus on 
the content of what you are typing instead of how close you 
are to the edge of the screen. 


SERVICE, SIJPPOIlT, AND 'l'IlJIINING 


Intel augments its development tools with a full array of 
seminars. classes. and workshops: on-site consulting 
services: field application engineering expertise: telephone 
hot-line support: and software and hardware maintenance 
contracts. This full line of services will ensure your design 
suocess. 


IIOST SYSTEIfI 


AEDIT for PC-DOS has been designed to run on the IBM· 
PC 
XT. IBM PC AT. and compatibles. 
It has been tested and 
evaluated for the PC-OOS3.0 or greater operating system. 


\ersions of AEDIT are available for the iRMX"-86 
and 
RMX II Operating System. 


OIlDERlNG INftllllfIA'I'lfJN 


D86EDINL 
AEDIT Source Code Editor Release 2.2 for 
PC·OOSwith supporting 
documentation 


122716 
AEDlT·OOS Users Guide 


122721 
AEDIT·lXJS Pocket Reference 


RMX864WSU 
AEDIT for iRMX-86 Operating System 


R286EDI286EU 
AEDIT for iRMX II Operating System 


For direct information 
on Inters Development Tools. or for 
the number of your nearest sales office or distributor. 
call 
800-874·6835 
(U.S.). For information 
or literature on 
additional 
Intel products. call80D-548·4725 
(U.S. and 
Canada). 


'N-C'RCIJ'T 
EMIJLATOR ''OR 
TilE MCS® !J I FAM'L}' OF 
M'CllO(JONTROU.ERS 


The ICE-5I 00/252 In-Circuit Emulator is a cumplete hardwarc!software dehug environment for 
developing embedded control applications based on the Intel MCS·51 f~mlly of microcontrollers. With 
high·performance 
16 MHz emulation. symbolic debugging. and nexible memory mapping. the 
ICE·5100/252 cmulator cxpedites all stages of development: hardware development. software 
development. system integration. and system test; shortening your project's time to market. 


FEATIJRES 


• Full speed to 16 MHz. 
• 
64KB of rmillation 
m~pped memory. 
• 
254 frames of execution trace. 


• 
Symbolic debug. 
• Serial link to an IBM PC XT. AT. 100% 
compatible. 
• 
Four address breakpoin~~ with in·range. 
out·of·range. and page breaks. 


• On·line disassembler and Single line 
assembler. 


• Source code display. 
• ASM·51 and PUM·51 language support. 
• 
Pop·up help. 
• 
DOSshell escape. 
• On·line tutorial. 
• BUilt-in CRT hased editor. 
• System self·test diagnostics. 
• Worldwide service and support. 
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@ Intd (;'"puralion 
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ONE '1'001. I'OR ENTIRE 
DEIIELOPJIEN'I' 
CYCl.E 


The ICE·51001252 emulator spmls 
Ulrget system 
development by alloll1ng hardware and software design to 
proceed simultanoously. You can develop softwar~ ~ven 
hefore prototype hardware is finished. And because the 
ICE·51001252 emulator precisely matches the component's 
elec.trical and timing characteristics, 
it's a valuable tool for 
hardware development and debug. Thus, the ICE·51001252 
emulator can debug a prototype or production system at 
any stage in its development. without introducing extranoous 
hardware or software test tools. 


BIGIf-SrEED, 
RE.4l.-TlIfIE 
EIfIlJl..4J'1ON 


The ICE·51001252 emulator provides full·speed. rral·time 
emulation up to 16 MHz. Because the emulator is fully 
transparent to the target sySl.em. you have complete amtrol 
over hardware and so!lw'dI'e debug and sysl.cm integration. 


64KB of zero wait·stat~ emulation memory 
IS available Ul 
replace target system code memory. allowing software 
debug to begin even before prototype hardware is finished. 


nEX'BU 
BREAliPOlNTlN61'OR 


OlJlC« rROllUIfI 
'SOI..4J"ON 


The ICE·51001252 emulator supports three different types 
of break specirlC8tions: specific address hreaks on up to 
64.000 possible addresses: range breaks. both within and 
outside a user-defined range: and page breaks, up to 256 
pages on 256-byte boundaries. 254 frames of execution 
trace memory prQllide ample debug information. with each 
frame divided into 16 hits of program execution address 
and 8 bits of external event infonnalion. 
A maximum of four 
tracepoints alloll:s qualiried trace for a variety of debug 
conditions. 


SYlflBOUC 
DEBlJG6'NG 
FOR I'.4ST 
DEJlEI.OrMEN7 


Design learn productivity 
is enhanced by th~ use of 
symholic debug refcrcoces to program line. high·level 
stateffirots. and module and variable names. The terms 
used to develop programs are the sarrw used for system 
debugging. 


r.4TCH CODE W'THOlJT RECOMPll.IN6 


Code-patching is easy with the ICE·51001252 emulator's 
single·line assembler. Machine code can he disassembled to 
mnemonics for significantly easier debugging and project 
develupment. 


E.4SY TO l.E.4RN .4ND lJSE 


The ICE·51001252 is accompanied by a full tutorial that 
explains all system functions and provides many examples. 
Additional features such as on·line heip. a built·in CRT·based 
editor. and DOS shell esl'Hpe make the emulator fast and 
easy to use for both novice and experienced users. You can 
develop ~~)urown test sllitr.~ or save frequently·used debug 
routines as debug procedures (PROCs)that can be invoked 
with a single command. 


WORWW'DE 
SERJI'CE AND SlJrPOll'l' 


The ICE·51001252 emulator is supported by Intel's 
worldwide servi~'e and support organization. In addition 
Ul 
an extended warranty. you can choose from hotline support, 
on·site syst~1II rnginrering 
assistance. and a variety of 
hands-on training workshops. 


o.~ •• 
011-(; ••• 
PIU'l 
•••.•••.a. Me_ry Data Me• .." 


8031 
None 
128 bytes 
8051 
4K ROM 
128 bytes 
8751 
4K EPROM 
128 bytes 
80C31 
None 
128 bytes 
1lOC51 
4K ROM 
128 bytes 
87C51 
4K EPROM 
128 bytes 
8032 
Non~ 
256 bytes 
8052 
8K ROM 
256 bytes 
8752 
8K I<:PROM 
256 hyLes 
ROG51!'A 
None 
256 bytes 
83C51!'A 
8K ROM 
256 bytes 
87C5 H'A 
RK EPROM 
256 bytes 
8OC51!'B 
None 
256 bytes 
R3C5I !'B 
16K ROM 
256 hytffi 
117C5H'B 
16K EPROM 
256 hytes 


\'a: 


l'Ie•• e.cy 


0.5 MHz 
0.87 
1.62 
3.0 
0.58 
1.21 
2.5 
3.5 MHz 
4.8 
6.82 
9.76 
2.2 
4.97 
6.33 
8.0 MHz 
10.5 
15.0 
20.5 
6.0 
8.98 
11.76 
12.0 MHz 
15.2 
22.2 
30.2 
9.2 
13.34 
17.46 
16.0 MHz 
19.4 
28.6 
38.7 
11.8 
17.4 
23.4 


·1Ce Is measured wlI/l all outpUt pins dlsconnecled 
XTAL 1 driYell with TCLCH.TCHCL 
- 
IOns. VII: V•••+ .5V. V,.: 
Va:- .5V. XTAL2 not connected. 
For maxlrnum 
operating 
ICe 
J7; - RSf - Por1O - Va:' 


•• For maximum 
Idle Ice 
EX - Pot1O - Va:' RSf - Va:' internal clock lO PCA gated alT. 


• 
Up to 25 pr or additional 
pin capacltanre 
Is contributed 
by the proressor module and target adaptor assemblies. 


• 
Pin 31. EA. has approximately 
32 pr or additIonal 
capacltanre 
loading due to sensing circuitry. 


r- l!~----lB~ 


I 
7.=-------1 
-~_--t 


• 
Pins 18 and 19. XTAL 1 and XTAL2. respocUvely. haw 
approximately 
15 to 16 pr or additional capacltanre when 
configured ror crystal operation. 


- 
~ 
--- 
c•.•• 
•• SI 
c: • 
,.-:sl 


KilT lJigger 
threshold 
2.5V 
70,. V.,.(3.5V • 
v•.•.- 5V) 


KilT IIIIM Impedance 
4K·l0K 
ohms 
5OK·I50K 
ohms 
Pnrt 1, 
-BOO"" 
-50"" 
Clock thresIloId 
2.5V 
70,. V.,.(3.5V • 
V•••.- 5V) 


•..~: 


IBM PC-XT.AT or compatible 
PC-DOS 3.0 or later 
512K RAM 
One rIoppy drive and hard disk 


",,~~: 


The ICE·5100'252 
emulator consl818 or the rollowlng 
components: 


••• 
••••••• 
IlelPt .-.- 
••• c:. ••• •• ••• •• 
Controller Pod 
8.25 
21.0 
1.5 
3.8 
13.5 
34.3 
User Cable 
39.0 
99.0 
Processor 
Module· 
3.8 
9.7 
1.5 
3.8 
4.0 
10.2 
I'l1oYerSupply 
7.6 
18.1 
4.0 
10.2 
11.0 
28.0 
SerIal Cable 
144.0 
360.0 


EI«U'ktII 
t:urecterltlrk8: 


Powersupply 
l00·J20V or 22().240V 
selectable 
m,o Hz 
'2amps (ACmax) @ 120V 
1 amp (ACmaxI @ 240V 


E••.••.•• 
_ 
•• 
' CuraeeerltJtk8: 


Operating temperature, + lOOCto +40"C (5()OFto l04°Fj 
Operating humidity, Maximum of 85% relative humidity. 
non·condensing 


Ordl'r (Axl!' 


pI2~.2IdT"J) 


IX'Sl'ription 


I\it mnUlins leX,,1 OOflf.2 u~'r prom' 
assemhly. power supply and rahlt'S. lit'rial 
cahles, tarf.,~'tadapter. nysUlI JHlWl'r 
'H'Cl'SSOl-y.emulator rontrollt'l' JMHI. 
emulalur su(twarl'. DOShust 
('ummuni('ation. "SM·,; I anu A~:DI'I'tt>xt 
ediW (l't'quires ~)ftwart· license). 


I'it conlains the same cnmplments as 
pl252KITAD, excluuing ASM·51 and the 
AWIT text editor (requirrs software 
Iicensel. 


Conversion kit for ICE·5100/452. 
IC~:-5100l45 J. or IC~-51001(J44running 
PC-DOS3.0 or laler. to provide emulation 
support for MGS-51romlMlIlcnts (requires 
softwart' license). 


Tar/,'t'tadalller mnwrting 
411-pinDIP to 
44·pin PLCCpackal,'t'. 


ASMIRL 51 paekugt' for PC·DOS(requil't.'S 
~)ftwaf'l' IicenSl~). 


-PIJMIRI. 51 packa/,~'for PC·IXlS 
(recluif'l'S~)nwa['(' IiIX'l1~·). 


IN-€IIlCIJIT 
ElfflJ£Af'OR FOR THE lffCS"-!J' FAMI£Y 01' 
MICROCONTROUERS 


The ICE-5100/451 In-Circuit Emulator is a complete hardware/software (kllu/.: I'm ir1mnll'nl for 
developing embedded eontrolai>i>licalions liaSi'd Ofl the Intd ~ICS:,1 family of milTIK'onllull"I's, 
With high-performance 12 MHz emulation, symlxllic debugging, and fiexiblt' memory mUPi>ing,thl' 
ICE-5100/451 emulator eXpedites all stages of develnpnll'nt: hardwart' deVl'loi>lllen!. softwill't' 
development, system integration, and system test; shorten in/.:~our projl1't"S time 10mar~l'l, 


FEATIJRES 


• 
Full speed to 12 MHz. 


• 
64KB of emulation mapped memory. 


• 
254 frames of execution trace. 


• Symbolic debug, 
• 
Serial link to an IBM PCXT, AT, 100% 
COmi>aliblc. 


• 
Four address breakpoints with in-range, 
out-of-range, and i>agebreaks. 
• On-line disassembler and single line 


aSSi'mliler. 


• SOlJlWelKI,' disi>lay. 
• AS\I-:; I and PUM-:; 1 Iilnguaj", support. 
• 
P0i>-Ui>bdp. 


• 
OOSshell ('li('aIK'_ 


• On-Iim' tutorial. 
• 
Buill-in C~T hased l,litor. 


• System st'if-lt'St diugnoslil'S. 
• 
\\orldwidl' 
Sl'l'I ic(' and support. 


111\1·11~'Il·'WII"n 
Ots:ounlt"lnIl l\'SIlII'ISlhtht~'.fftho.' ~'l/,,~ 
nn'Ulll) 
,"hI" thim .,n"llltr~ "III 
•• h,'.1 111;lIt 11~I·t p".lill' 
\u 
, .•In 
nn 
lilt 1~11"ln 11'l'11Sl'S;m' 


UIII"••~1 10rUl111011Ul 
IlIf11..:IHl.,llll'n",n 
~UI,.·1':'tl1k':lIJn'\ICU'll~ 
l,utllIS,,"'l1 
'4{n'lrll;lll"ns 
nn 
LhI.•••· ,iI" Ill'~ rnomll""! 
.111'11I!>Iollh~.,lit 11~1Ilj.~· 
"'111l1ll r~"'l" 


S.'I'" '111.,.. 
1~lml 
e Inll'! f~"'l"f;ltilln 
I~ 
ollh 
•..••mll.-r 
:!HIIMUl 
(lll2 


ONE 'l'fHJL FOR ENTIRE 
DEJ'EUJrMENT 
CYCLE 


The ICE·51001451 emulator speeds target system 
development by allowing hardware and software design to 
proceed simultaneously. Youcan develop software even 
beCoreproto~ype hardware is Cinished_And because the 
ICE·51001451 emulator precisely matches the component's 
electrical and timing characteristics. 
it's a valuable tool for 
hardware development and debug. Thus. the ICE-5100/451 
emulator can debug a prototype or production system at 
any stage in its development. without introducing extraneous 
hardware or software test tools. 


HIGH-SPEED, 
REAL-TIME 
EMIlLATION 


The ICE·5100/451 emulator provides Cull·speed.real·time 
emulation up to 12 MHz. Because the emulator is Cully 
transparent to the target system. you have complete control 
over hardware and software debug and system integration. 


64KB of zero wait·state emulation memory is available to 
replace target system code memory. allowing software 
debug to begin even before prototype hardware is finished. 


FLEXIBLE 
BREAf(POINTlNG 
FOIl 
OIlICf( 
PllOBLEMISOLATlON 


The ICE·51001451 emUlator supports three different types 
of break specifications: specific address breaks on up to 
64.000 poSSibleaddresses; range breaks. both within and 
outside a user·defined range; and page breaks. up to 256 
pages on 256·byte boundaries. 254 frames of execution 
trace memory prOVideample debug information. with each 
frame divided into 16 bits of program execution address 
and 8 bits of external event information. A maximum of four 
tracepoints allows Qualified traoc for a variety of dehug 
conditions. 


SYMBOLIC 
DEBIlGGING 
FOIl FAST 
DEJ'EUJPMENT 


Design team productivity 
is enhanced by the use of 


symbolic debug references to program line. high-level 
statements. and module and variable names. The terms 
used to develop programs are the same used Cor system 
debugging_ 


rATCH 
CODE WITHOIlT 
RECOMPILING 


Code·patching is easy with the ICE-5100/451 emulator's 
singlc·line assembler. Machine code can be disassemhled to 
mnemonics for significantly easier debugging and project 
development. 


EASY TO LEARN AND IlSE 


The ICE·5100/45I 
is aecompanil~1 hy a full tutorial that 
explains all system Cunctions and Il!'O\-iIWsmany examples. 
Additional features such as on-line hl'lp. a huilt·in CRT-based 
editor. and DOS shelll'smlK' 
make UN' I'mulator Castand 


easy to use for both novit't' and t'~pt'rit'nced users. Youcan 
develop your own test suill'S or sa\"!' frequently-used debug 
routines as debug pnK'edu['l'S (PR(X:~)that can be invoked • 
with a single command. 


WORLDWIDE 
SERJ'ICE AND SIlPPOllT 


The ICE-51001451 emulator 
IS sUlJ!lortl'lllJy 
Intel's 


worldwide service and support urganization. In addition to 
an extended warranty. you can ehlxlS'-'frtlm hotline support. 
on·site system engineering assistanct', and a variety of 
hands-on training workshops. 


ELECTRICAL 
CONSIDERATIONS 


The emulation prtlcessor's ust'r·pin timings and loadings are 
identifal to the ROC451 component em'pt 
as follows. 


lIIalll••• 
O.,eraUq 
lllalll•••• 
_Ie 


\'"" 
K«:C.a)· 
M:(;C-)·· 
'I\' 
'I\' 


0.5 MHz 
4.97 
4.93 
3.5 ~lHz 
953 
10.39 
8.0 MHz 
13.0 
12_75 


120 MHz 
22_2 
18.19 


·ICC is measured "'ith all output pins IHS<'oIllJeCled 


XT.~L1 driven with TCLCH.TeIiCI. = 5ns. V" = \" 
+ 0.5V. 


V,,, = V". -0.5V. 
XTAL2 not ('unrll~·tt'11. 


For maximum operating ICC 
EA - RST= PortO = v" .. 


··Maximum 
Idle ICC IS measured With all oUlput pins 


disconnected. 
XTAL 1 driven \\dth TCI.CII. TCIICI. = 5ns 


VII = Vs..•+ O.5V. 
ViI= \;'('-O.5V. 
XTAL2 not connfctt'll, 
Port 0= V".. 
EA= RST= v". 
Up tn 25 pI.uf additional 
pin eapal'ilalllx' 
is mntrihnt.ed 
bv the 


processor module and target adaptt'r aSSl'mblies. Pin 1 (EA) 
has approximatrly 
32 pI. of additional 
eupacitanct' luadlng due 


to sensing circuitry. 
Pins 5" and 52. XT~L I and XTAL2. 


respectively. hav(' approximately 
15 to 16 pf uf additional 


capacitanct' wllt'n cunfigurt'd 
for crystal operatlnn_ 


CHItIOS 
CII.p •.••• 1:•.••• 
e.-...- 8OC:J. 


RST trigger 
threshold 
70% 
\;,.13.5V @ V;,. = "VI 
RST input 
impedanre 
501\-1,,01\ 
ohms 


Port 
1., 
-50,,-\ 


Clock thrt'shold 
70% 
\;,.(3.5\ 
@ v.,. = 5V) 


"'81Ilr9.'re~.t8: 


1B\1 PC-Xl 
\T or mmpat.ihll' 
PC· DOS :1O or lat.•.•r 
5121\ R\\I 
One noppy 
IlrilP 
ami 
hard disk 


""ysIca' C"'raclel'l8lktJ: 


The IC~;'5100/451 
('mulator 
consists 
of th •.•following 


mmpont'f1ls: 


lJ.H 
"....•. 
••••• l .-... 
Ilidl e- 
IIKII e- 
IIKII 
e- 


Controllt'r 
Pod 
8.2;' 
21.0 
J.:i 
3.8 
1:1.:' 
343 
L'spr Gablp 
39.0 
99.() 


Procpssor 
\Iodulp· 
3.8 
9.7 
J.:i 
3.8 
4.0 
10.2 
PIJller Supply 
7.6 
llJ.l 
4.0 
10.2 
11.0 
28.0 
Sl'rial 
Cabll' 
1440 
:J60.() 


El«rrka' 
C"ararlrrltltk8: 


!'IJII'!'r supply 
IlK)·120\ 
or 22(~240\ 
s<'II~·tahll' 
:'O·()() III 


2 amps l·\e: 111<1\1@ 120\ 
1 <Imp (\C 
111<1\) @ 24m 
E."••.••~.,.. 
CllanK'I""",k8: 


0IK'rilling 
!t'I1IIK'raIUrl': 
+ loot: 
10 + 4()OC (;,OOF to 10401") 
Opl'rating 
hlll11idil): 
\la\ll11l1l11o[ 
11,,% rdatil'!' 
humldit.y . 
ntm-t'onth'nsing 


Order Code 


pl451KITAD 


Description 


Kit rontains ICE·51001451 user probe 
assembly. power supply and cables. 
serial cables. target adapter. crystal 
power OOJesSOry.emulator rontroUer 
pod. emulator software. DOS host 
communication 
cables. ASM·51 and 
AEDIT text editor (requires sofl.ware 
license). 


Kit contains the same componcOOl as 
pI451KITAD. excluding ASM·51 and the 
AEDIT text editor (requires software 
license). 


Conversion kit for ICE·51001452. 
ICE·51001252. or ICE-5100'044 running 
PC-DOS 3.0 or later. to provide 
emulation support for 8OC451 
components (requires software license). 


Target adapter for 68-pin PLCC package 
support. 


ASMIRL 51 package for PC-DOS 
(requires software license). 


PUMJRL 51 package for PC-DOS 
(requires sofl.ware license). 


MCS is a registered trademark 
and ICE is a trademark 
of 
Intel Corporation. 


IBM and I'C'AT are registered trademarks 
and PClXT a 
trademark 
of International 
Business Machines Corporation. 


IN-CIIlCIJIT 
EIfIIJU.TOIlI'OR 
THE RIJP,..-44I'AIfIILt' 
OF 
PERIPHERALS 


The ICE·51001044 In·Clrr.ult Emulator Is a complete harllwal'f/sofl,waf'l' 
nehug environment, for 


developing embedded control applications 
uai:lCdon the Intel RUPI'"-44 family of peripherals, 
Including the 8044·basc'd HI'I'HUS'" board products, With high-performance 
12 MHz emulation, 
symbolic debugging, and nexible memory mapping, the IC~-51001044 emulator expc'dites all stages 
of development: hardware development. software development. system inte.gration, ann system test; 
shortening your project's time to market. 


I'EtlTIJRES 


• 
Full speed to 12 MHz. 


• 64 KB of emulation mapped memory. 
• 
254 frames of execution trace. 


• 
Symbolic debug. 


• 
Serial link to an IBM PC XT, AT, 100% 
compatible. 


• 
Four andress breakpoints with in·range, 
out-of·range. and page hl'f.aks. 


• 
On·line disassembler and single line 
assembler, 


• 
Source code display. 


• ASM-51 and PIJM-51 langu8/,'l' support. 
• 
Pop-up hdp. 


• 
DOS shell Ci:lCape. 


• 
On-line tutorial. 


• 
Huilt-in CRT based editor. 


• 
System self-test diagnostics. 


• Worldwide service ann support. 


inter---------- 


INri 
("lIrpnratlfln 
as."Wrnt'S 
nil n'Spllt'l.•~lblllt~ rill' I1M' US/' elf A~ 
nrt'Uitr) 
IlthL'r 
1MB 
ril"nlill') 
l'lnhodil'f1 
in iln r~'1 
pnrilllt 
Nil ••.hI .•. mruit 
(laWnt 
lln'R.'lol'S :In' 


lmphl'Q 
InlllrmatMIn 
nll\tAHl'd 
hl,"'ln 
SUPl'f'l'll'O,':o\ 
pn,\illusl) 
puhlist'kod 
SfM' ItU'lI1MII"IK 
nn 
lhl':ll.' 
t""'in<:4 r"lfI11,...t1 
1I1l1liS 
i'IlJtlil,'11l 
11lO1f\t/t' 'f.lItnM 
l'IulK'l' 


s..'(IlI'fntll'r,I9M 


~ Intd C••.pll,.•••.'''" 19M 
On.It-,.~mht:r 2f1081H.Q01 


OIfE TOOL I'OIl ElfTIllE 
DEJ'EWPfflEIfT CYCLE 


The ICE·5lO0/044 emulator spet'ds target system 
devrlopment hy allowing hardwal'l' and software design to 
procl'l'd simultanmusly. Voucan dtwlop 
software l'wn 


hefo/'(' prototype hardwal'l' is finisht~1. And Ot'cauS/'thf' 
IC~:·;'1001044l'mulalllr 
pl'l~'iS/'ly matches tlw comrHlnt'nt's 
!'Ilx'trk'al and timing ehal'a('ll'ristirs. 
it's a valuahll' tlHl1for 


hard\\al'l' dewklpmmt 
and lk'hug, Thus, the IC~:"I I()O/044 
emulator can dehug a protOtYPl' or pl'lHlu('tlon sysll'm at 
any st<ll-~'in i~~IMwlopml'nt, 
withlKll int('(Hlocing I'xtranmus 
IUll'lIwal'l' or soC1wal'l'tl'St tmls, 


HIGH-SPEED, ilEAL-TIME 
EffllJLATION 


TIlt' ICI';':;IlXI/044 el1lulall)(' p('()viclt-sfUIl,slnd, 
('('aHillll' 


t'fllUlalioll up III 12 ~1I1y.. Ilt~'auSt' thl'l'lTJulatol' is fully 
transl~II'l'nt III till' largl't system, you haw mmplt-tt' l'ontrol 


0\('1' Ilal'!lwart-' amI software dehug and syslI'm inlt'gratioll. 


li4/1.1lor ~l'('() wait·slatl' t'mulation ml'mo/'Y is mailahll' lo 
lwlacl' 
larf.,~'tsystl'm l'IHII' memory, allo~ing softwal'!' 


dehug tIllM'gill IOWIllll'fo/'(' prollltYPl' hardware is nnishl~1. 


I'LEXIBLE BIlEAMro'lfTllfG 
I'OIl 
QIJICMPROBLEffI lSOLATlO1f 


The I(X:; 
1001044emulall)r supports thl'lX' diffel'l'nt types 
of hreak specifications; specific addrrss hreaks on up tIl 
&1.000 possihlt' adlirt'Ssffi; range hreaks, hoth within and 
outside a user·defint'd ranl,If; and page hreaks, ur>to 256 
pages on 256·hytc OtlUndaries. 254 framl'S of execution 
tral'e memory p('()videample debug information, with each 
frame divldt'd into 16 hits of program execution address 
and 8 hils of external evmt information. A maximum of fOUl' 
tral'epoints allows IIUalifil!(1trart' for a varilty 
of lIt'hug 
('onditions. 


SYMBOLIC DEBIJGG/lfG I'OIlI'AST 
DEJ'ELOPfflEIfT 


Design team pl'!lductivity 
is mhant't~1 hy the us(' of 


symholil' lkhug rl'fl'('('net's III program lim', high·II'Vl'1 
statements. and mlMlull' ami variahlt' names, Thl'lI'rms 
US/'llto (bdo!1 
programs al'!' lilt' same USl~1for systt'lTJ 
clt-huggillg. 


PATCH CODE WITIIOIJT IlECOfflPIUIfG 


Code·patching is easy with the IC~;';,lOO/044 emulator's 
singll'·line aSSI'mhler. Mal'him' codt' can Ill' (lisasSt'mhll~11I1 
mm'monies for signifimntly 
l~lsil'r dt'hugging and P('(ljlxt 
cl!'vl'lopment. 


I:ASY TO LI:AIlIf AIfD IJSE 


Tht' IC~:·;'1(Xl/044 is accompanil~j hy a full tUlllrial that 
I'xplains all SySll'm fllnetions and p('()vides many t'xamples. 
:\llditional 
featun'S such as on·lint' ht'ip, a huilt·in C!<T·haSt~1 


t~lilor, and IX)~ shell t'SC'apl'make the l'mulalllr 
rast ami 
I'aS~to list' ror hoth novice anll eXlwrien('{~1USt'rs.Youcan 
!ll'Vt'lop your own test suitl'S or saw rn~lU('ntly·uSt'd dehug 
nlutim's as lIt'llUg pnln~lurt-'s (p!<OCsjthat ran lit' invoked 
with a single command. 


WORLDWIDE SEllnCE 
AIfD tiJlJPrOIlT 


The ICE·5lO0/044 emulator is supportt'd hy Inters 
worldWide service and support organimtion. 
In addition tll 


an extended warranty. you can ChIM)S('fmm hotHnesupport. 
on·site system engineering assistance, and a variety of 
hands·on training workshopK 


T1l<'('muliltion prul't'S:i()(S u:i('r·pin limin~s and Illadml(s an' 
i,Il'ntil'i11tl) tilt' 11044mmrxJIl('nt t'\(,lopt as folklws. 


• 
lip tll 2" pf 1)( mklition;llllill 
l'a,l,l('iuml'l' 
is mntrihutt~1 


h~ tho' pnns:i()r 
mlxlull' and ta~('t 
adaplnr as.~I·mlJlil'S. 


• 
l'm:J 1, ~:A. has aIJpro\imat('/y :12 pr or additional 
cap,w'it<llwl' Il)arJin~,Iu(' tl) ~;('nsin~l'irl'uitr~, 
• 
I'ms III allli 
IH, XT'\1.1 and .\'1:-\1.2,rt'SpI1ti~t'Iy, hall' 


i1PP"'Xllnatl'l~ 
15 tl) Iti pf of ,Hlditil)nal mp.1ritanrt' II-hen 


ronn~url~1 fur rrystal olM'ration, 


~:\t'('util)n of user programs that mntain interrupt routin('s 
rallSI'S inl'IJI'n~'t data tl) hI' ston'll in tIM' trart' hu[[('r, II hen 
an interrupt lX'l'lII'S, thl' Ill',\! instrul'tion 101)('('.\I','ul"11is 
plat'l~1 into thl' trat'l' huff('r 1)('101"it is aetuall) ('\(~'ut(~1. 
~"II,)\\ in~ mmpll'tion 
I)f th(' interrupt r••utillt', tht' instrll<titlll 


is ('.\t~'ul"11and a~ain plaml 
into th(' Win' huff('r. 


1Ios. ae..'rr-elltli: 


IBM I'(;'X'I: '\'1'or mmpatihl(' 
I'C·I)(J:{:l.Il 
01'lall'!' 


f>121\I<,\M 
One I'I0PIIYdl'i\'(' and hal'll dis~ 


DN.rlat' 
CIIaI'a€'erls.lOI: 


1~1Wl'!'supply 
1(.~12IJV "" 22(~2~OV st'l,x'lahlt' 
"IJ·BO II~ 
2 amps (At: nl1l.\] @ 12IJV 


I <111111(r\l; 
l1Ia\) @ 2·lOV 


""ys'at' Cluraclft'lsllai: 


TIM'ICf:-f>J()()1044('rnulatol' mnsist.~ or 11M'followin~ 
mmlxll\('uL~: 


(Jail 
WI.llt 
Helpl 
1.e•• 111 


1.1:11 c;. l.eII c:. IKIt 
c;. 


Omt!'I)II('1' I~xl 
1l.2f> 2J.IJ 
J.f> 
:1,11 1:1.f> 
:H,:J 


lIsl'l' (~Ihh' 
:Jfl,1J 
flfl.ll 
1'J'(X'lOSSO!' 
Mlxlull" 
:l,1l 
B,7 
I.G 
:1.11 
1.0 
102 
I~l\\'e!' Supply 
7,B 
111.1 
~.IJ 
10.2 
II,IJ 
2H,O 
St'!'ial (~llJh' 
IHIJ 
:WO,O 


l:a"'l'Oa.-eata' 
C"aracter'sllfJ8: 


(~)I'I'atin~ ll'IllIX'l'allll~': 
+ Ill"C to + ~()"C (;IO"F ll. I()~"I') 


(~lt'l·al.ill~ IUlmitiity: Ma.\illlulll of H:;% ,,'latiVl' hlllllltlrty, 
n("H~m,It'lIsill~ 


Order Cude 


pl044KITAD 


Description 


Kit oontains 1CF.·51001044user probe 
assembly. power supply and cables. serial 
cables. target adaptt'r. crystal power 
accessory. emulator amtroller pod. 
emulator suftware. DOS host 
cummunicalion. I\SM·51 and AEDIT text 
roilllr 
(retjuires Slln~'3rt' licmst'). 


Kit cuntains tbf. samt>mmpll!lt'nls 
as 
pI044KITAD. ('xcluding ASM·51 and th<' 
"~:DIT 1I.':<t ('ditor (rt~luirt'S Sllltwart' 
lil,'nSl'). 


Gllnwrsion kit [or IC~;·;)IOU/452. 
10:·51001451. or IC~:-:i1001252 running 
PC·DOS:l.O or latt>r.to pl'lJl-idl' ('mulalion 
support [or RVPI·44 [amily o[ pt'I'iph('rals 
(f'(~luin'S SI~twal't' licenSl'). 


ASMiRl. 51 packagt' [or PC·DOS(rt~luin'S 
software license). 


PlJMiRL 51 package [or PCDOS 
(requires Sllrt.•••'31't'license). 
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INTRODUCTION TO THE 
INTEL 1.5 MICRON CHMOS III CELL LIBRARY 


A growing number of system designers are turning to Application Specific Integrated Circuits (ASICs) for the 
solution to their system design needs. ASIC design methodologies bridge the gap between standard ICs and fully- 
customized devices. Using sophisticated software design tools and a collection of predefined circuit elements, system 
designers realize the benefits of custom ICs without incurring the high cost and long development times associated 
with full custom designs. 


The Intel Design Environment provides a flexible system for designing and manufacturing Intel ASIC products. The 
design environment includes a comprehensive set of CAE/CAD 
tools, design libraries running on the Daisy and 


Mentor engineering workstations, and design and manufacturing services. Intel cell-based designs are backed by a 
proven manufacturing capability and the same strict adherence to quality and reliability applied to Intel standard 
products. 


This chapter introduces the Intel 1.5 Micron CHMOS III Cell Library. It provides cell data specifications and 
describes Intel design services as they relate to cell-based designs executed at Intel design centers or at the customer 
site. 


The Intel 1.5 Micron CHMOS III Cell Library provides customers with the building blocks necessary to design 
complex semicustom integrated circuits. The Intel 1.5Micron CHMOS III Cell Library is composed of pre-designed, 
fully characterized equivalents of common circuit elements and Intel standard products. The library includes SSI, 
MSI, and LSI circuit elements commonly used in system design. In addition, the library contains VLSiCELTM 
elements, functional equivalents of Intel standard microcontroller, 
microprocessor, and microprocessor support 
peripheral products. 


FEATURES/BENEFITS 
• Over 150 SSIIMSIILSI 
logic functions. 


• A comprehensive cell library provides a wide range of cell-based ASIC solutions. The library is highlighted by 
VLSiCEL elements, cell versions of popular Intel standard microprocessors, microcontrollers, and microproces- 
sor support peripherals. VLSiCEL elements offer the highest level of microcomputer-based system integration. 
Intel's cell-based design methodology offers customers the ability to use predefined circuit elements as building 
blocks to design complex circuits. The current library includes: 
8OC5lBH 
8-Bit Microcontroller 
82C37A 
Programmable DMA Controller 
82C54 
Programmable Interval Timer 


82C59A 
Programmable Interrupt Controller 


82C84A 
8086/8088 Clock Generator 


82C284 
80286 Clock Generator 


82C88 
8086/8088 Bus Controller 


82288 
80286 Bus Controller 
A complete set of test vectors is provided for each VLSiCEL building block, providing a guaranteed 0.1% AQL 
(Acceptable Quality-Level) or better. 


• The emulator kit for 8OC5l-based ASICs includes a complete set of tools for hardware and software debug of 


ASIC core-based designs. 


• UCS family is based on the 8OC5IBH standard product and includes both the microcontroller core and peripher- 
al functions. This family makes the internal communications bus (SFR Bus) available to the designer. 
• User-configurable n-bit counters, registers, multipliers, and magnitude comparators built from "telescoping" cells 
achieve high performance for repetitive functions. 
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• CHMOS III-An 
advanced 1.5 micron, double-layer metal CMOS process technology providing high perform- 
ance, high density, and low power semicustom integrated circuits with proven manufacturability. 


• CMOS, TIL, and Schmitt Trigger compatible I/O cells available with a variety of drive levels and ESD protec- 
tion to 2000V. 


• A complete set of packaging options with lead counts up to 208 pins. Special packaging configurations and higher 
pin count packages are available upon request. 


• The Intel Design Environment provides a comprehensive set of CAE/CAD 
tools, logic libraries, and customer 
support and design services that enable users without IC design expertise to design their own cell-based ASICs. 


• Intel's I.5 Micron CHMOS III Cell Library is fully supported on Mentor and Daisy compatible engineering 
workstations. Mainframe simulation capability is supported through Intel technology centers and direct dial-up 
to Intel factory mainframes. 


Semicustom integrated circuits are designed from a variety of functional building blocks ranging in complexity from 
individual logic gates to LSI and VLSI functions. Cell-based ASICs offer the highest level of semicustom integration 
and are capable of implementing complex VLSI functions (microprocessors and microcontrollers). They also offer 
high performance, increased functionality and better silicon utilization because the individual cells have been hand- 
packed to the highest possible densities. Better silicon utilization means lower-cost production in high volume. Full 
custom ICs can provide the same benefits as cell-based ICs. However, while full custom designs often require years 
to develop, semicustom chips can be developed in weeks or months. Well-characterized, easy-to-use automated 
design methodologies also typify semicustom chip development, making ASIC design accessible to system engineers 
without specialized IC design experience. System manufacturers realize a faster time to market, thus giving more 
time to concentrate on system rather than IC issues. 


Intel believes that to successfully serve its ASIC customers, it must provide customers with a comprehensive product 
offering, advanced manufacturing capabilities, a complete CAE tool set, and design services to support the entire 
ASIC design process. 
• Product offering. Intel offers a complete cell-based library including ASIC versions of Intel standard products. 
• Manufacturing expertise. Intel ASIC manufacturing draws on the recognized strengths of Intel CMOS technolo- 


gy, advanced packaging, and a demonstrated expertise in assembly and test. 


• Design tools. Customers may access the Intel libraries on a variety of platforms, including the Daisy Systems and 
Mentor Graphics compatible workstations. Simulations for complex designs are supported on mainframes 
through Intel Technology Centers and direct dial-up to the Intel factory. The UC51-EDK supports code develop- 
ment and "bread board" simulation of 80C51-based ASICs. 
• Design services. Intel provides complete documentation for ASIC product lines. Technology centers offer com- 
prehensive hands-on training courses. 
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A standard cell can be thought of as a well characterized module containing an individual, independent, logic circuit. 
It is a complete functional block with predesigned and precharacterized 
logic. Intel has designed these cells for 
optimum electrical performance and silicon utilization. The standard SSI/MSI cells in the library have been designed 
with a fixed-height and variable-width configuration. These cells are arranged horizontally in rows with routing 
channels on either side. The height of these routing channels is variable, and is determined by required metalization 
interconnect between the cells. 


Customers who design with standard cells need only look at a "black box" view of the functions. Knowledge of or 
training on gate/transistor 
level functionally is not necessary, making the cell-based approach similar to designing 
with commodity logic or standard products. 


Large scale functions including the VLSiCEL elements and Intel's special function cells are designed as "both" 
variable-width and variable-height cell structures. 


CONNECTS 
TO ROUTING 
CHANNEL 


~ 
CELL 
BORDER 


Figure 2 depicts a 25,000 "gate" cell-based design where a gate is defined as equal to 4 transistors (the typical 
equivalent complexity of a 2-input NAND function). When VLSiCEL and special function cells are used in a cell- 
based ASIC, higher densities are achieved via the large, custom-designed cells. Intel cell-based ASICs often have 
100,000 or more transistors. 


• 80C51BH 
VLSiCEL 
• 16,384 
Bytes Of Program 
Memory 
• 256 Bytes of RAM 
• 2,000 
Gates 
of Random 
Logic 
.84 
to 196 Pin 1/0 


Figure 2. Example 
Cell-Based 
Design 
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The 1.5 Micro CHMOS III Cell Library is composed of over 150 hard-wired basic logic building blocks. These 
standard cells represent SSI and MSI cells, and are as easy to use as their commodity logic counterparts. 


The cell library offers an extensive variety of random logic cells. Included in this category are AND, OR, NAND, 
NOR, AND-OR, AND-OR-INVERT, 
EXCLUSIVE OR and EXCLUSIVE NOR gates. Inverters and buffers are 
available with normal drive, high drive, or 3-state outputs. 


The Intel cell library contains a broad range of flip-flops and latches. Flip-flops include D, JK, and Toggle; latches 
include transparent, SR, and SR. All bistable devices in the Intel 1.5 Micron CHMOS III Cell Library contain an 
asynchronous master reset input to aid in system design. Flip-flop and latch configurations provide enable, 3-state, 
scan input, and set functionality. Other standard cell functions in the Intel 1.5 Micron CHMOS III Cell Library 
include multiplexers, decoders/demultiplexers 
and a parity generator/checker. 


Registers, shift registers, counters, adders, and magnitude comparators are all available in the Intel 1.5 Micron 
CHMOS III Cell Library as "telescoping" cells. Telescoping cells provide silicon-efficient, user-configurable imple- 
mentation of repetitive logic functions. 


Designing a telescoping multistage device may require three types of telescoping cells: body cells, control cells, and 
cap cells. Body cells provide the basic function required by a telescoping component. Control cells provide an 
interface between a body cell and an external network. Cap cells are used as a driver for any final output (such as 
carry-out) related to the overall operation of the device. The use of cap cells is optional. 


Telescoping cells allow the designer to implement the exact function width required by the design. Silicon utilization 
is optimized. Front-end workstation tools make the creation of telescoping blocks transparent to the user. 


Intel provides customers with the capability to group cells which when placed together perform a higher level 
function. During the layout phase of the design, these cells are physically placed together .on-chip-minimizing 
delays due to interconnect. These cell groups, or cluster macros, are particularly useful for controlling critical path 
timing. 
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The Intel cell library contains over 30 types of I/O buffer cells. Input, output, and I/O cells are available in TIL or 
CMOS compatible configurations. Input cells are available in both inverting or non-inverting configurations, and 
with Schmitt Trigger inputs. Each type of input cell contains bonding pads as well as input static protection 
networks. Output cells are also available in both inverting or non-inverting configurations and with open drain and 
3-state outputs. Output cells include bonding pads and output static protection networks. ESD protection to 2000V 
is provided. 


The most popular Static RAM sizes are available as standard blocks in the cell library. All RAM cells feature byte- 
wide organization, with densities ranging from 512 to 8K bits. 


VLSiCEL building blocks provide the customer with the ability to use Intel standard products in their design. The 
VLSiCEL elements are captured and simulated as complete functions with fully supported simulation models. Intel 
has addressed the long-standing test issues that have prevented the incorporation of embedded microprocessors and 
complex functions into semicustom ICs by the building in elements of design for testability. All VLSiCEL building 
blocks come with a pre-defined set of test vectors, assuring circuit validation and eliminating test "bottlenecks." 
Complex chips can be designed in a fraction of the time required for gate-level implementations. 


The standard cells (SSI, MSI) in the 1.5 Micron CHMOS III Cell Library are fixed-height, variable-width cells. Intel 
expresses the size of these cells in terms of grids. Grid counts provide a relative measure of the physical size of these 
cells. The grid count for each cell, indicated on the cell data sheet, can be used to determine with circuit configura- 
tion that yields the optimum silicon area for a given design. 


Table 
1. Available 
I/O Cells and Associated 
Options 


I/O Cell Types 
Options 


Input 
' 
. 
TTL and CMOS compatible 
Inverting/non-inverting 
buffers 
Schmitt Trigger inputs 
Pull-up resistors 
Normal and high drive 


Output 
TTL and CMOS compatible 
Inverting/non-inverting 
buffers 
3-state, open drain, push-pull 
Multiple output drive levels 


Bidirectional 
TTL and CMOS compatible 
3-state outputs, 
latched inputs 
Multiple output drive levels 


Intel's design environment provides the customer with a comprehensive set of CAE/CAD 
tools, logic libraries, 


customer support and design services. The design environment enables users without IC design expertise to design 
their own Application Specific Integrated Circuits (ASICs). This section will focus on the design interface for Intel 
cell-based ASICs. 


The cell-based ASIC design sequence begins with the entering of the design schematic followed by the generation of a 
netlist (a netlist defines the interconnections between the cells used in the design). Once a netlist has been specified, 
simulation tools allow the engineer to evaluate the functionality of the design, including timing verification. The 
design engineer defines the stimulus to exercise the design and verify performance during the simulation phase. After 
a successful simulation, automatic place and route tools are used to layout the design. The design is then re-simulat- 
ed using the delay times that are computed from the layout database. After a successful resimulation, prototypes are 
manufactured, tested, and delivered. 


During all phases of the design process, Intel provides a wide range of support services. Dedicated regional ASIC 
specialists provide local design analysis and consultation. Technology centers offer comprehensive customer training 
and technical support, along with access to the software tools running on a variety of hardware platforms. Extensive 
documentation is available for all software tools and libraries. 


Cell-based ASIC designs can be separated into three major phases: design, layout and verification, and manufactur- 
ing. 


The design phase includes device"specification, logic design, schematic capture, and simulation of the ASIC device. 
Figure 3 shows the typical flow of events that occur during the design phase of a cell-based ASIC design. 


After becoming familiar with the CAE tools and the Intel 1.5 Micron CHMOS III Cell Library, the engineer begins 
the design process by creating a chip specification. This includes functionality, logic partitioning, and physical 
requirements (i.e., I/O limitations, packaging, power requirements, die size limitations, operating conditions, and 
performance requirements). Intel recommends that the engineer adhere to several cell-based design guidelines and 
design for testability considerations which are covered in the Introduction 
to Cell-Based 
Design 
Course. During this 
phase, customers may also develop functional and timing delay simulation vectors and identify critical paths. 


Once the preliminary design is complete, an optional pre-design review can be held. The engineer will then begin 
selecting cells from the Intel 1.5 Micron CHMOS III Cell Library. Cells are organized into three general categories 
within the library: VLSiCEL elements, special function cells, and standard cells. Data specification sheets can be 
used to select functions the same way a component catalog is used to evaluate standard components for board level 
design. 


Upon completion of the chip specification and cell selection, the engineer enters the schematic on a CAE worksta- 
tion. Schematic capture can be done at an Intel technology center or on an Intel-supported workstation at the 
customer site. Customers may wish to hold an optional pre-simulation design review with Intel at this time. 
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A functional simulation and a full timing analysis are required to verify that the design will meet performance 
requirements. Simulation may be done using workstation simulation or Intel-supported mainframe simulators, de- 
pending on the complexity of the design. Designs greater than the approximately 10K gates in complexity often 
require the computational power of a mainframe for efficient simulation. This mainframe capability gives designers 
maximum flexibility for simulating large designs such as those including VLSiCEL elements. This phase may require 
several iterations. 


During the design and simulation phase, it is important to consider the testability requirements for the circuit. Intel 
requires customers to produce designs with 100% observability when performing an industry standard node toggle 
test. Fault grading is an available option. 


After the design is successfully simulated, a pre-layout design review mu~t occur before layout can begin. Once 
approved by both Intel and the customer, the design progresses to the layout and verification phase. 


r---------------------. 
I 
I 
I 
PRE-SIMULATION DESIGNREVIEW 
I 
I 
I 
I 
I 
._-------------------_. 
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Figure 5. Manufacturing 
Phase Flowchart 
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Figure 4 shows the sequence of events in the layout and verification phase. Placement and routing of the ASIC 
design is performed using automatic place and route software. As a final check Intel factors in the actual delay times 
as determined from the layout database (this is called back annotation). The design is then resimulated and post- pre- 
layout simulation results are compared for consistency. When requirements are met, and both Intel and the customer 
are satisfied with the results, a final design specification is approved. The design specification becomes the governing 
document against which prototype and production components are evaluated. The design then enters the manufac- 
turing phase. 


Figure 5 shows the sequence of events in the manufacturing phase. After the layout and verification phase has been 
completed, Intel will produce prototypes. These prototypes will be submitted to the customer for a final review and 
production approval. 


Intel offers rapid turnaround times for its ASIC products. The ASIC circuits are fabricated, tested, sorted, assembled 
into packages, and tested again as finished devices. Customer-defined test patterns are used to verify the device, and 
standard parametric tests are used to confirm performance over temperature and supply voltage extremes. 


Intel provides a variety of standard IC packages for use with cell-based ASIC designs. Among the available packag- 
ing option&are ceramic and plastic Dual-In-Line Packages (DIP) with up to 48 pins, Plastic Leaded Chip Carriers 
(PLCC) with up to 84 pins, ceramic and plastic Pin Grid Arrays (PGA) with up to 180 pins, and ceramic and plastic 
quad flatpacks for up to 208 pin configurations. 


Intel is committed to the highest possible standards of quality, reliability and customer satisfaction in its products. 
All ASIC products must meet the same quality and reliability standards as Intel standard products. Intel insists on 
building-in quality and reliability for every product from the very beginning of a technology and product develop- 
ment cycle. Strict controls and monitors are applied in the manufacturing 
process to ensure high quality and 


reliability. All processes are audited regularly to ensure that they meet specifications. For additional details on Intel's 
quality and reliability programs, refer to the Components 
Quality/Reliability 
Handbook. 
Order Number 210997. 


Intel customers have the option to specify as much or as little design support as needed to complete their ASIC. 
Table 2 describes two preferred ASIC design interfaces: design tasks performed at the customer's site or at an Intel 
technology center. Customers may also opt for full service design support. 


Intel's design environment provides the necessary design tools and services for all these design interface alternatives. 
Customers who choose to develop their ASIC on-site port Intel libraries onto their own CAE systems and design the 
device within their own development environment. Customers who decide to use Intel technology centers for ASIC 
development take advantage of Intel's on-site CAE systems, libraries, and applications support to assist them during 
their design effort. 
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Table 2 lists the major steps required to execute a design and specifies the responsibilities for each party. 


Table 2. Design Sequence Responsibilities 


Activity 
Technology 
Center 
Customer Site 


Pre-design 
Start 
Intel/Customer 
Intel/Customer 
Design Review 


Cell Selection 
Intel/Customer 
Customer 


Schematic 
Capture 
Intel/Customer 
Customer 


Simulation 
Intel/Customer 
Customer 


(Functional) 


Simulation 
(Timing) 
Intel/Customer 
Customer 


Pre-Layout 
Design 
Intel/Customer 
Intel/Customer 
Review 
Test Vector 
Intel/Customer 
Customer 


Generation 


Autolayout 
- 
Intel 
Intel 


Post-Layout 
Intel/Customer 
Customer 
Simulation 


Post-Layout 
Intel/Customer 
Intel/Customer 
Approval 


Mask Generation 
Intel 
Intel 


WaferFab 
Intel 
Intel 


Assembly/Test 
Intel 
Intel 


Prototype 
Approval 
Customer 
Customer 


The 1.5 Micron CHMOS III Cell Library runs on all engineering workstations from Daisy Systems and Mentor 
Graphics. This wide range of compatibility gives designers the flexibility to execute cell-based designs using a variety 
of CAE hardware. 


Simulation requirements for complex designs are often best served by mainframe computational power. Using an 
Intel mainframe simulator, customers can run simulations that are too time consuming or not possible to do using a 
desktop workstation environment. An integrated design database allows for portability between the mainframe 
environment and the workstation environment. 


Intel's mainframe computers may be accessed through dial-up from the customer site or via an Intel technology 
center. 


Intel technology centers offer training classes, design consultation and technical workstation support for semicustom 
chip design, cell-based design libraries, and CAE workstations as well as access to workstations for schematic 
capture and simulation. Customers may use the technology centers to take advantage of Intel's on-site systems, 
libraries and services. Each center is equipped with Daisy Systems and Mentor Graphics workstations. Direct access 
to the Intel mainframe is also available for efficient simulation of complex designs. 


Training 
classes and technical 
support 
are available from Intel's 
technology 
center ASIC 
specialists. The 


Introduction 
to Intel 
Cel/-Based 
Design Course consists of both lecture and labs emphasizing "hands-on" experience. 


Lectures address Intel-specific design practices; labs offer hands-on training in the Intel design environment. Contact 
your local Intel field sales office for scheduling. 
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Intel Technology Center 
3065 Bowers Avenue 
Santa Clara, CA USA 95051 
Tel: (408) 765-2252 


FRANCE 


Intel Technology Center 
I Rue Edison, BP303 
78054 St. Quentin EN 
Yvelines Cedex, France 
Tel: 33 1-30-57-7000 


RELATED 
PUBLICATIONS 
• Cell-Based Design-Daisy 
Environment 


• Cell-Based Design-Mentor 
Environment 
• Microprocessor and Peripheral Handbook 
• Components QuaiitylReliability Handbook 


Order II 83002 
Order II 83ססoo 
Order 11230843 
Order II 210997 


Intel Technology Center 
3 Carlisle Rd. 


Westford, MA USA 01886 
Tel: (617) 692-3222 


UNITED KINGDOM 


Intel Technology Center 
Piper's Way 
Swindon SN3IRJ 
Wiltshire, U.K. 
Tel: 0793 696000 


• 
1.5 Micron CMOS 
• 
User Configurable N-Blt Counters, 
Registers, Adders, and Magnitude 
Comparators Built from "Telescoping" 
Cells Achieve High Performance and 
Silicon Efficiency for Repetitive 
Functions 


• 
RAM Configurations up to 8K bits 


• 
All VLSI Cells are Tested and Verified 
Using the Equivalent Standard Product 
Test Program, Guaranteeing 0.1% AQL 
or Better. 


• 
VLSICELTM Elements, Cell Versions of 
Popular Intel Standard 
Microprocessors, 
Microcontrollers, and Microprocessor 
Support Peripherals, Offer the Highest 
Level of MicrO-Computer Based 
System Integration. The Current Library 
Includes: 
- 
80C51BH 8-Bit Microcontroller 
- 
82C37A 
Programmable DMA 
Controller 
Programmable Interval 
Timer 
- 
82C59A 
Programmable Interrupt 
Controller 
8086/8088 Clock Generator 
80286 Clock Generator 
8086/8088 Bus Controller 
80286 Bus Controller 


-82C84 
-82C284 
-82C88 
-82288 


240051-1 
The Cell-Based IC Shown here Contains the 
80C51BH ASIC Core. This Design also Integrates 
Approximately 
2700 Gates of User Control Logic 


240051-2 
The Cell·Based IC Shown above Depicts a 
Standard Cell Design with 3000 Gates of User 
Logic and 3 RAM Configurations 


"Daisy 
is a registered 
trademark 
of Daisy Systems 
Corporation. 
"Mentor 
Graphics 
is a registered 
trademark 
of Mentor 
Graphics 
Corporation. 
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Intel's 
advanced cell-based family of integrated 
circuits is based on a comprehensive set of pre- 
designed, fully-characterized functions for the inte- 
gration of system logic into high-performance, cost 
effective semicustom devices. The basic cell library 
contains over 150 logic, I/O and special function 
cells. Also available are VLSiCELTM elements such 
as the 
80C51BH 8-bit microcontroller, and cell 
equivalents of Intel microprocessor support periph- 
eral functions. Intel libraries run on several industry 
standard CAE platforms, including Daisy Systems' 
and Mentor Graphics' workstations. Customers may 
receive expert technical support via Intel's fully 
equipped technology centers. Once a design has 
been completed to the customer's satisfaction, Intel 
produces its cell-based IC using a 1.5 micron double 
layer metal CMOS process. This process is also 
used 
on 
standard 
components 
such 
as 
the 
80C51BH, thus ensuring manufacturability and high 
quality and reliability. 


Logic Cells 


• Over 150 SSI/MSI/LSI logic functions to obtain 
high performance and high density. 
• CMOS, TTL, and Schmitt Trigger compatible I/O 
cells available with a variety of drive levels and 
ESD protection to 2000V. 


Special Function Cells 


• Fixed configuration RAM to 8K bits. 
• User configurable n-bit counters, shift registers, 
adders and magnitude comparators built from 
"Telescoping" 
cells achieve high performance 
and silicon efficiency for repetitive functions. 


• ASIC emulators support code development and 
"breadboard" 
simulation 
of 
80C51BH-based 
ASICs. 


• A complete set of packaging options with lead 
counts to 208. 


• Cell versions of popular Intel standard microproc- 


essors, microcontrollers and microprocessor sup- 
port peripherals are available in the library. These 
"VLSiCEL" elements offer the highest level of mi- 
crocomputer based system integration. 
80C51BH 8-bit Microcontroller 
82C37A 
Programmable DMA Controller 
82C54 
Programmable Interval Timer 
82C59A 
Programmable Interrupt Controller 
82C84A 
8086 Clock Generator 
82C284 
80286 Clock Generator 
82C88 
8086 Bus Controller 
82288 
80286 Bus Controller 


• UCS Family is based on the 80C51BH standard 


product and includes both the microcontroller 
core and peripheral functions. This family makes 
the internal communications bus (SFR Bus) avail- 
able to the designer. 


• The 12.5 MHz microprocessor support peripheral 


family includes 82CXX peripheral cells compati- 
ble with 86/186/286 
environments. 


• All VLSI cells are tested and verified using the 
equivalent standard product test program, guar- 
anteeing 0.1% AQL or better. 


• Functional relationships identical to the standard 
product, including standard product code com- 
patibility. 


Design Environment 


• Libraries compatible with workstations from Daisy· 


Systems and Mentor Graphics. 


• Mainframe interface accessible to customers via 
Intel technology centers or dial-up from customer 
site. Supports high complexity designs. 


• All design environments include Intel developed 
utilities for back annotation of actual delays from 
layout database for post layout simulations. 


• Software utilities provided by Intel automatically 
converts your simulation stimulus to Intel tester 
compatible vectors. 
• For those designs incorporating the 80C51-based 
VLSI cell and which are designed in the Daisy 
environment, customers may also simulate the 
core using Daisy's Physical Modeling Extension 
(PMX) board. The PMX is a hardware add-on 
chassis and control software that allows the user 
to perform software modeling using an actual 
physical component in the Daisy environment. 
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• 
Intel's 
cell 
based 
products 
are produced 
using 
CHMOS 
III-an 
advanced 
1.5 micron, double-lay- 
er 
metal 
CMOS 
process 
technology 
providing 
high performance, 
high density, 
and 
low power 
consumption 
semi-custom 
integrated 
circuits with 
proven 
manufacturability. 


• 
Intel's 80C51 BH standard 
product 
also manufac- 
tured in CHMOS 
III. 


Manufacturing 
Reliability 


• 
0.1 % Average 
Quality 
Level 
(AQL) against 
sub- 
mitted test vectors. 


• < 200 Failures 
In Time (FITs). 


UCS51 FAMILY: 
UCS51XX 
and UCS52XX 
cells list- 
ed 
below 
are 
fully 
compatible 
with 
the 
80C51BH 
standard 
product. 
In addition, 
these 
cells 
make the 
internal 
bus (Special 
Function 
Register 
Bus) of the 
80C51 BH accessible 
to the 
designer. 
A series 
of 
SFR peripheral 
cells 
have 
been 
designed 
to inter- 
face 
to this bus. These 
peripherals 
are also 
listed 
below. 
Peripheral 
communications 
are 
optimized 
(less code 
required) 
and the designer 
can also de- 
fine his own peripherals 
and connect 
them 
directly 
to the bus. 


Name 
Cell Description 


UCS5100 
. 


80C51 BH Microcontroller 
Core with No ROM, 128 Bytes RAM 


UCS5104 
80C51 BH Microcontroller 
Core with 4K Bytes ROM, 128 Bytes RAM 


UCS5108 
80C51 BH Microcontroller 
Core with 8K Bytes ROM, 128 Bytes RAM 


UCS5116 
80C51 BH Microcontroller 
Core with 16K Bytes ROM, 128 Bytes RAM 


UCS5200 
80C51 BH Microcontroller 
Core with No ROM, 256 Bytes RAM 


UCS5204 
80C51 BH Microcontroller 
Core with 4K Bytes ROM, 256 Bytes RAM 


UCS5208 
80C51 BH Microcontroller 
Core with 8K Bytes ROM, 256 Bytes RAM 


UCS5216 
80C51 BH Microcontroller 
Core with 16K Bytes ROM, 256 Bytes RAM 


UCS51BRG 
Baud Rate Generator 


UCS51SI0 
Serial I/O 


UCS51T2 
Timer 2 
"r, 
- 


UCS51BIU 
SFR Bus Interface 
Unit 
. 


UCS51AD 
8-Bit Analog to Digital Converter 
with Sample and Hold 


UCS51 lEU 
Interrupt 
Expansion 
Unit 
I 


NOTE: 
All specifications 
within 
tables 
are subject 
to change. 


UC51 FAMILY: 
UC51 XX cells listed below are fully compatible 
with the 80C51BH 
standard 
product 
and are 
available 
in a variety of ROM configurations. 
In addition, 
the signals from the standard 
product 
"CORE" 
have 
been demultiplexed, 
making all 116 signals available 
for use. 


Name 
Cell Description 


UC51 00 
80C51 BH Microcontroller 
Core with No ROM, 128 Bytes RAM 
UC51 04 
80C51 BH Microcontroller 
Core with 4K Bytes ROM, 128 Bytes RAM 


UC51 08 
80C51 BH Microcontroller 
Core with 8K Bytes ROM, 128 Bytes RAM 
UC5116 
80C51 BH Microcontroller 
Core with 16K Bytes ROM, 128 Bytes RAM 
UC5200 
80C51 BH Microcontroller 
Core with No ROM, 256 Bytes RAM 
UC5204 
80C51 BH Microcontroller 
Core with 4K Bytes ROM, 256 Bytes RAM 
UC5208 
80C51 BH Microcontroller 
Core with 8K Bytes ROM, 256 Bytes RAM 
UC5216 
80C51 BH Microcontroller 
Core with 16K Bytes ROM, 256 Bytes RAM 


80C51 
Based Core Companion 
Cells: The following 
cells are used in conjunction 
with the UC51 XX cells 
noted above. 


Name 
Cell Description 


POSC 
Oscillator 
PWOSC 
Oscillator 
with Power Down 
PADB 
Address/Data 
Bus I/O Buffer 
PRESET 
Reset Input Buffer 
PTNQB 
Quasi-Bidirectional 
I/O Buffer 
PRGPIN 
UC51 Programmable 
I/O Buffer 
PRGUCS 
UCS Programmable 
I/O Buffer 


MICROPROCESSOR 
SUPPORT 
PERIPHERAL 
COMPANION 
CELLS: 
The following 
cells are used 
in conjunction 
with the microprocessor 
support 
pe- 
ripheral 
cells noted above: 


For use with 
SP8284/SP82284 


POSC2 
Oscillator, 
frequency 
range to 
37.5 MHz 
PCN04 
Non-inverting 
CMOS Output Buffer, 
High Drive 


For use with 
SP8288/SP82288 


PC02 
Inverting CMOS Output Buffer, High 
Drive 
PCOT6 
3-State Inverting 
CMOS Output 
Buffer with Enable, High Drive 


MICROPROCESSOR 
SUPPORT 
PERIPHERAL 
FAMILY: 
These 
cells are equivalent 
in functionality 
to the corresponding 
Intel standard 
products. 


Name 
Cell Description 


SP8237 
Programmable 
DMA Controller 
SP8254 
Programmable 
Interval Timer 
SP8259 
Programmable 
Interrupt 
Controller 
SP8284 
8086/8088 
Clock Generator 
and Driver 
SP82284 
80286 Clock Generator 
and Ready 
Interface 
SP8288 
8086/8088 
Bus Controller 
SP82288 
80286 Bus Controller 


Name 
Cell Description 


RAM64 
64 x 8 Static Random 
Access 
Memory 
RAM128 
128 x 8 Static Random Access 
Memory 
RAM256 
256 x 8 Static Random Access 
Memory 
RAM512 
512 x 8 Static Random Access 
Memory 
RAM1K 
1024 x 8 Static Random Access 
Memory 


NOTE: 
All specifications 
within 
tables 
are subject 
to change. 


inter 


tion for multi-stage 
logic functions 
because 
they al- 


low the 
designer 
to implement 
the 
exact 
function 


width required 
by the design. Silicon utilization 
is op- 


timized. 
Front end work station tools make the crea- 


tion of telescoping 
blocks 
transparent 
to the user. 


Telescoping 
cells 
are 
building 
blocks 
from 
which 
certain 
multi-stage 
logic 
functions 
can 
be 
imple- 


mented. 
They are the preferred 
method 
of construe- 


Name 


REGC 
REGB 
REGCT 
REGBT 
SHRC 
SHRB 
SHLC 
SHLB 
CULC 
CULB 
CULP 
CUPC 
CUPB 
CUPP 
CUPP2 
AD DC 
ADDB 
ADDP 
CMPC 
CMPB 
CMPP 


Cell Description 


Telescoping 
Register 
Control 
Telescoping 
Register 
Body 
Telescoping 
3-State 
Register Control 
Telescoping 
3-State 
Register 
Body 
Telescoping 
Shift Register Control 
Telescoping 
Shift Register 
Body 
Telescoping 
Shift Register with Load, Control 
Telescoping 
Shift Register with Load, Body 
Telescoping 
Up Counter Control 
Telescoping 
Up Counter 
Body 
Telescoping 
Up Counter Carry Out Driver 
Telescoping 
Up/Down 
Counter Control 
Telescoping 
Up/Down 
Counter 
Body 
Telescoping 
Up/Down 
Counter 
End Count Driver 
Telescoping 
Up/Down 
Counter 
End Count/Carry/Borrow 
Driver 
Telescoping 
Adder Control 
Telescoping 
Adder Body 
Telescoping 
Adder Carry Out Driver 
Telescoping 
Magnitude 
Comparator 
Control 
Telescoping 
Magnitude 
Comparator 
Body 
Telescoping 
Magnitude 
Comparator 
Equal/Greater 
Than/Less 
Than Driver 


inter 


Name 
Cell Description 
r 


INVN 
Inverter, Normal Drive 
INVNH 
Inverter, High Drive 
INVTE 
3-State 
Inverter with Active Low Output Enable, Normal Drive 
INVTD 
3-State 
Inverter with Active High Output Enable, Normal Drive 


BUF 
Buffer, Normal Drive 
BUFH 
Buffer, High Drive 
BUF2 
Buffer with Dual Output, Normal Drive 
BUFTD 
3-State 
Buffer with Active High Output Enable, Normal Drive 
BUFTE 
3-State Buffer with Active Low Output Enable, Normal Drive 
NAN2 
'., 
2 Input NAND, Normal Drive 
NAN3 
3 Input NAND, Normal Drive 
NAN4 
4 Input NAND, Normal Drive 
NAN5 
5 Input NAND, Normal Drive 
NAN6 
6 Input NAND, Normal Drive 
NAN? 
? Input NAND, Normal Drive 
NANa 
a Input NAND, Normal Drive 
NOR2 
2 Input NOR, Normal Drive 
NOR3 
3 Input NOR, Normal Drive 
NOR4 
4 Input NOR, Normal Drive 
NOR5 
5 Input NOR, Normal Drive 
NOR6 
6 Input NOR, Normal Drive 
NOR? 
? Input NOR, Normal Drive 
NORa 
a Input NOR, Normal Drive 
AND2 
2 Input AND, Normal Drive 
AND3 
3 Input AND, Normal Drive 
AND4 
4 Input AND, Normal Drive 
AND5 
5 Input AND, Normal Drive 
AND6 
6 Input AND, Normal Drive 
AND? 
? Input AND, Normal Drive 
ANDa 
a Input AND, Normal Drive 
OR2 
2 Input OR, Normal Drive 
OR3 
3 Input OR, Normal Drive 
OR4 
4 Input OR, Normal Drive 
OR5 
5 Input OR, Normal Drive 
OR6 
6 Input OR, Normal Drive 
OR? 
? Input OR, Normal Drive 
ORa 
a Input OR, Normal Drive 
AOR22 
2 AND2 into OR2, Normal Drive 
AOl22 
2 AND2 into NOR2, Normal Drive 
EXR2 
2 Input EXCLUSIVE 
OR, Normal Drive 
EXN2 
2 Input EXCLUSIVE 
NOR, Normal Drive 


inter 


Name 
Cell Description 


FFT 
Toggle Flip-Flop 
with Master Reset 
FFTE 
Toggle Flip-Flop 
with Enable and Master Reset 
FFJK 
JK Flip-Flop with Master Reset 
FLJK 
JK Flip-Flop with Master Set and Master Reset 
FLJKT 
3-State JK Flip-Flop 
with Master Set and Master Reset 
FFD 
o Flip-Flop with Master Reset 
FFDE 
o Flip-Flop with Enable and Master Reset 
FLOE 
o Flip-Flop 
with Enable, Master Set and Master Reset 
FLDET 
3-State 0 Flip-Flop with Enable, Master Set and Master Reset 
FFDM2 
o Flip-Flop with 2 to 1 Data Multiplexer 
and Master Reset 
FLDM2 
o Flip-Flop with 2 to 1 Data Multiplexer, 
Master Set and Master Reset 
FFDHI 
Positive Edge Event Trigger with Master Reset 
LAD 
Transparent 
0 Latch with Master Reset 
LSR 
S-R Latch with Master Reset 
LASR 
S-R Latch with Enable and Master Reset 
LNSR 
S-R Latch with Master Reset 
LANSR 
S-R Latch with Enable and Master Reset 


Name 
Cell Description 


MUX21 
2-Line to 1·Line Multiplexer 
MUX41 
4-Line to 1-Line Multiplexer 
DMX2 
2-Line to 4-Line Demultiplexer/Decoder 
with 2 Enables 
DMX3 
3-Line to 8-Line Demultiplexer/Decoder 
CPR 
8/9-Bit 
Parity Checker/Generator 


Name 
Cell Description 


PCI 
Non-Inverting 
CMOS Input Buffer, Normal Drive 
PCIH 
Non-Inverting 
CMOS Input Buffer, High Drive 
PTI 
Non-Inverting 
TTL Input Buffer, Normal Drive 
PTIH 
Non-Inverting 
TTL Input Buffer, High Drive 
PTIRH 
Non-Inverting 
TTL Input Buffer with Pull-Up Resistor, 
High Drive 
PISH 
Non-Inverting 
TTL Schmitt Trigger Input Buffer, High Drive 
PISRH 
Non-Inverting 
TTL Schmitt Trigger Input Buffer with Pull-Up Resistor, 
High Drive 


PCO 
Inverting CMOS Output Buffer, Low Drive 
PCNO 
Non-Inverting 
CMOS Output Buffer, Low Drive 
PCOT 
3-State 
Inverting CMOS Output Buffer, Low Drive 
PTO 
Inverting TTL Output Buffer, Low Drive 
PTNO 
Non-Inverting 
TTL Output Buffer, Low Drive 
PTN03 
Non-Inverting 
TTL Output Buffer, Medium Drive 
PTN05 
Non-Inverting 
TTL Output Buffer, High Drive 
PTOT 
3-State 
Inverting TTL Output Buffer, Low Drive 
PTOT3 
3-State 
Inverting TTL Output Buffer, Medium Drive 
PTOT5 
3-State Inverting TTL Output Buffer, High Drive 
PTND 
Non-Inverting 
TTL Open-Drain 
Output Buffer, Low Drive 
PTND3 
Non-Inverting 
TTL Open-Drain 
Output Buffer, Medium Drive 
PTND5 
Non-Inverting 
TTL Open-Drain 
Output Buffer, High Drive 
PCIO 
CMOS I/O Buffer; Latched 
Non-Inverting 
Input, 3-State 
Inverting Output, Low Drive 
PTIO 
TTL I/O Buffer; Latched 
Non-Inverting 
Input, 3-State 
Inverting Output, Low Drive 
PTI03 
TTL I/O Buffer; Latched 
Non-Inverting 
Input, 3-State 
Inverting Output, Medium Drive 
PTI05 
TTL I/O Buffer; Latched 
Non-Inverting 
Input, 3-State 
Inverting Output, High Drive 
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Intel's 
design 
environment 
includes 
the 
software 
tools 
necessary 
to assist 
customers 
with their Intel 
cell-based 
design. 
Intel provides 
workstation 
library 
models 
and 
utilities 
to support 
schematic 
capture, 
netlist generation, 
and functional 
and timing simula- 
tion in the Daisy Systems 
or Mentor 
Graphics 
envi- 
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tion, Intel provides 
mainframe 
simulation. 
Automatic 
test vector 
generation 
software 
is provided 
to assist 
the customer 
in the development 
of input test stimu- 
li. The 
table 
below 
shows 
the typical 
flow 
of Intel 
cell-based 
design activities. 


Task 
Intel Feature" 


I 
Responsibility 


System Design 
Customer 


Schematic 
Capture, 
User Logic 
Customer 
Maintains 
Control of the.Design 
Specification. 
Customer 
and Test Logic Design 


Netlist Generation 
Electrical 
Rules Check. Flags Illegal use of Cells. 
Customer 


Simulation 
Built in Timing Verifier. 
Customer 


Test Vector Generation 
Automatic 
Conversion 
of User's Simulation 
Vectors to 
Customer 
Intel-tester 
Compatible 
Format. 
100% Explainable 
Toggle Node Count Required. 


Design Review 
Customer 


Auto Place and Route 
Proprietary 
Tools for Automatic 
Place and Route, 
Intel 
Mask design. 


Back Annotation/ 
Resistance 
and Capacitance 
Values Extracted 
from 
Intel/Customer 
Post-Layout 
Simulation 
Layout Database. 


Design Review 
.' 
Intel/Customer 


Fab, Assembly, 
Test 
Intel 


Prototype 
Delivery 
On-Time 
Delivery; Conformance 
to Specifications. 
Intel 


ABSOLUTE 
MAXIMUM 
RATINGS· 
Case Temperature 
under Bias' 


Plastic 
- 40°C to + 85°C 
Ceramic 
- 55°C to + 125°C 


Storage Temperature 
- 65°C to + 150°C 


DC Supply Voltage 
(Vool 
OV to 7.0V 


Voltage 
to Any Pin with 
Respect 
to Ground 
- 0.5V to VDO + 0.5V 


Power Dissipation 
1.0W 


RECOMMENDED 
OPERATING 
CONDITIONS 
DC Supply Voltage, 
Voo 
+ 4.5V to 5.5V 


Case Temperature 
O°C to + 70°C 
•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE' Specifications contained within the 
following tables are subject to change. 


PACKAGING 
Intel's cell· based ICs are available 
in a wide variety of both through-board 
and surface·mount 
packages. 
DIP, 


chip carrier, pin grid array and flatpack 
configurations 
are offered. 
Special 
packages 
are available 
by request. 


Intel ASIC Components 
Packaging 
Alternatives 


Package 
Type 
Leadcount 
Ceramic 
Plastic 


Dual-ln-Line(1) 
16 
X 
18 
X 
20 
X 
X 
24 
X 
X 
28 
X 
X 
40 
X 
X 
48 
X 
X 


Leaded Chip Carrier 
20 
X 
28 
X 
32 
X 
44 
X(2) 
X 
52 
X 
68 
X(2) 
X 
84 
X(2) 
X 


Leadless 
Chip Carrier 
68 
X 
84 
X(2) 


Quad Flat Pack 
' ~ 
- - 
84 
X(2) 
X 
100 
X(2) 
X 
132 
X(2) 
X 
. 
, 
164 
X(2) 
X 


Pin Grid Array 
68 
X 
72 
X 
84 
X 
88 
X 


.. 


100 
X 
132 
X 
144 
X 
180 
X 
208 
X 


NOTES: 
1. Hermetic 
OIPs may be side-brazed 
or CEROIP. 
2. Prototype 
only. 
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Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


VIL 
Low Level Input Voltage 
TILlnputs 
0.8 
V 
CMOS Inputs 
1.2 
V 


VIH 
High Level Input Voltage 
TIL 
Inputs 
2.0 
V 
CMOS Inputs 
3.5 
V 


IlL 
Low Level Input Current 
TIL 
Inputs 
-10 
/LA 
VIL = Vss 
CMOS Inputs 
-10 
/LA 
VIL = Vss 


IIH 
High Level Input Current 
TIL 
Inputs 
10 
/LA 
VIH = Voo 
CMOS Inputs 
10 
/LA 
VIH = Voo 


VOL 
Low Level Output Voltage 
TIL 
Inputs 
0.45 
V 
CMOS Inputs 
0.4 
V 


VOH 
High Level Output Voltage 
TIL 
Inputs 
2.4 
V 
CMOS Inputs 
3.6 
V 


IOL 
Low Level Output Current 
TILOutputs 
3.2 
mA 
Low Drive 
TILOutputs 
7 
mA 
Medium Drive 
TILOutputs 
12 
mA 
High Drive 
CMOS Outputs 
3.2 
mA 


IOH 
High Level Output Current 
TILOutputs 
-0.08 
mA 
All Drives 
CMOS Outputs 
-2.4 
mA 


Intel's 
design 
environment 
provides 
customers 
with 
expert technical 
support, 
either locally or in dedicat- 
ed ASIC Technology 
Centers. 
Intel training 
and field 
application 
engineers 
offer 
training 
classes, 
design 
consultation, 
and technical 
support 
for semicustom 
chip 
design, 
cell-based 
design 
libraries, 
and 
engi- 
neering 
workstation 
(CAE) tools. 
ASIC Technology 
Centers 
are equipped 
with Daisy and Mentor 
work- 
stations. 
These design centers 
also provide custom- 
ers with access 
to factory 
mainframes 
for efficient 
simulation 
of complex 
designs. 


Item 
Introduction 
to Intel Cell-Based 
Design 


Order 


Number 
231816 


UC51 TIMING CALCULATION 
PACKAGE 


• 
Full-functional 
simulation 
for the VCSI core cell 
• Physical 
model 
enables 
fast, accurate 
timing 
verification 
• Test generator 
for VCSl-to-user 
logic (ExtASM51) 
• 
Operates 
with Physical 
Modeling 
Extension 
(PMX) from Daisy 
• Timing 
models 
correlated 
with 
Intel's 
referent 
simulator 
to reduce 
design 
iterations 
• 
Post-layout 
timing 
values 
incorporated 
into simulation 
lback-annotation) 


PRODUCT 
DESCRIPTION 


The Daisy-based 
UCS1 Timing 
Calculation 
Package 
contains 
software 
and hardware 
for 
performing 
full-functional 
simulation 
of UC51-based 
ASIC devices. 
The package 
includes 
a software 
timing 
shell, a "Daisy hardware 
modeling 
kit" (DHMK), 
and the "Extended 
ASMS1" 
for creating 
test patterns 
from 8051 instruction 
mnemonics. 
The DHMK is used 
with Daisy's 
Physical 
Modeling 
Extension 
(PM X) to perform 
accurate 
timing 
simulations. 


FEATURES 


Timing Calculation 


The timing 
calculation 
shell is installed 
on the Daisy along with the other full-functional 
models 
in the 1.5 micron 
CHMOS 
cell library. 
The timing 
shell is the software 
interface 
between 
the DL5-n simulator, 
and the UCSl physical 
model. 
The timing 
package 
supports 
functional 
simulation, 
full-timing 
simulation, 
and post-layout 
simulation 
with 
back-annotated 
delay values. 
The timings 
are correlated 
with the UC51 timing 
model 
on 
the referent 
simulator. 


Daisy Hardware Modeling 
Kit 


The UCS1-DHMK 
consists 
of a bonded-out 
version 
of the UC51 
core cell, and the installation/ 
wiring 
instructions 
for use with 
the Daisy PMX. 
When simulating 
a UCS1 design, 
the DHMK 
enables 
the user to attach 
a segment 
of application 
code (in hex) 
that will be executed 
during 
the simulation. 
This flexibility 
enables 
the validation 
of device 
confidence 
tests in addition 
to 
the logic functionality 
and timing 
of the ASIC device. 
The 
DHMK 
kit also explains 
how a user can connect 
the completed 
UCSI-based 
ASIC to the PMX for doing 
system-level 
simulation. 
intel·----- 


UC51 Testability 


The UC51 core cell has been developed 
to be tested 
in two modes. 
The user is only 


responsible 
for developing 
test vectors 
for the logic surrounding 
the UC51 core. 
Through 


the use of 13 pins on the device, 
Intel guarantees 
it can test the final ASIC - 
including 
the 


core. 
Most of the 13 pins (such as the data bus) can also be used 
in the application. 


In "core isolation" 
mode, 
Intel tests the UC51 core to the same conditions 
it tests the 


standard 
8051. 
In "user-test" 
mode, 
the user-developed 
test-vectors 
are used 
to verify the 


application-specific 
logic connected 
to the UC51. 
The user develops 
only one set of 


test-vectors 
for both logic simulation 
and production-test, 
using 
Intel-supplied 
conversion 


programs 
between 
the different 
environments. 
To aid development 
of these user-specific 


stimuli, 
Intel provides 
a software 
tool call ExtASM51. 


The Extended 
Assembler-51 
is a modified 
assembler 
that generates 
test-patterns 
in 


sequence 
with 8051 instruction 
mnemonics. 
Specific keywords 
in the comment 
fields 


indicate 
to ExtASM51 
what test patterns 
should 
be generated, 
and how the generated 


vectors 
should 
be synchronized 
with the executed 
instructions. 
For example, 
to read in 


specific values 
on UC51 ports, 
during 
specific 
tester cyc)es, ExtASM51 
will generate 
the 


appropriate 
stimulus, 
given 
a few simple 
mnemonics. 


ROYOPTA 
IlOAAAAH 
IIOV!A,tOPTI 
;)DATA8IlS'OOH 
ROYPI,A 
; 1I0PORTI-m 
ROYA,PI 
; IIDPDRTI.fFM 
ROYA,PI 
; IIOPORTI-OOll 
ROY!A,tDPTI 
I)DATABUS-M11 
ROYPI,A 
;IIOPDITI=OFf 
ROYAI PI; 
II OPDln-S" 
ROYA,PI 
iIIOPDln-AAH 
ROYOPTII11234H 
ORl C,ACC.7 


EIID; 


100lB EO 
99 
ROY!A,tDPTR j)OATABIlS-MH 
311100000 
I 
12 
I I I I I I I I 
0 
4 
10101010 
I 
S 
I I I I I I I I 
0 
10019 mo 
100 
IIOVPI. A 
; II DPDRn-OFf 
3 
I I I I 0 I 0 I 
I 
3111111110 
3 
10010000 
I 
3 
I I I I I I I I 
0 


ExtASM51 
generates 
a test file (in TPDL format! 
that can be input 
to the simulator 
or IC 


tester, as well as a .ROM object file and a .LST file. 


Hardware Required: 
For Schematic 
Entry and Simulation: 
Daisy 


Systems' 
Logician, 
Personal 
Logician 
(286 or 


386), or MegaLogician 
Physical 
Modeling 
Extension 
(PMX), with Two 


(2) Dynamic 
PEM's 


Two (2) PMX "Pin Grid 
Daughter 
Boards" 


Documentation Supplied: 
UC-51 Daisy Hardware 
Modeling 
Kit User's 


Guide 


Software Required: 
Daisy DNIX operating 
system, 
release 


5.02 or later 
Intel Daisy Design 
Entry Package 


Intel Daisy Cell-Based 
Basic Timing 
Package 
Media: 
5.25" and 8" Diskettes 
Supplied 


ORDERING 
INFORMATION 


DC-SlIP 
Daisy UC51 TimillS Packasc 
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ASIC TOOLS AND SI RVICI·S 


• Complete development 
cycle support for Intel cell-based ASIC designs 
• Complete CAE support on Daisy and Mentor engineering workstations 
• Mainframe simulation support for complex designs 
• Emulator kits for software development 
and prototyping 
core-based ASICs 
• Productivity-approaches 
to ASIC testability 
• Training courses on Intel cell-based ASIC design 
• Engineering services in Technology Centers 


Intel's ASIC Tools and Services provide a low-risk approach to high-perfonnance 
ASIC 
design. The offering includes a comprehensive set of tools for design entry, logic 
simulation, test-program development, and system design, as well as Technology Center 
services that minimizes the number of design changes required to achieve working 
silicon. 


Workstation 
Libraries 
Intel ASICs are supported by several software libraries that operate on Daisy and Mentor 
Engineering Workstations. The "Design Entry Package" consists of schematic-entry 
symbols and functional timing models for Intel cell-based designs. The package also 
contains several utilities for test-program development, netlisting, rules checking, and 
timing comparison. 
The design-entry package contains support for Intel-unique 
elements such as telescoping cells, microprocessor cores, 
and peripherals. 


The "Timing Calculation Packages" contain 
full-functional simulation models for perfonning design 
verification on the engineering workstation. 
The models 
are correlated to our referent simulator, to reduce the risk 
of design changes when we accept the netlist and do a 
referent simulation. 
The liming Calculation Packages 
will incorporate post-layout timing delays 
(back-annotation) into a final simulation prior to the 
manufacture of prototype silicon. Separate liming 
Calculation Packages are available for the Basic 
Standard-Cell library, and the VLSiCEL™ families (for 
Daisy and Mentor). 


Mainframe 
Simulation 


Customers who use the Design Entry Packages may also access Intel's mainframe-based 
referent simulator for doing design verification. This "Mainframe Design Verification 
System" is accessible through an Intel Technology Center or dial-up via modem. The 
benefits of this approach is the increased simulation throughput 
time (for larger designs), 
and the ability to design in the same environment in which the cells were originally 
developed. 
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Test Methodology 


Intel's approach to testing ASICs enables users to write a single set of test vectors, that 
will be used for Workstation timing simulation, Mainframe timing simmulation, and 
Production test of wafers and assembled devices. Upon design-acceptance, we can 
ensure that prototype and production devices are tested with the same test vectors used 
during design verification. The format conversions between Daisy, Mentor, mainframe, 
and tester environments are performed by utility programs provided with the Design 
Entry Packages. Also included is a utility that eases the process of writing test vectors; it 
provides a shell-file with predefined and design-specific values already filled in. 


VLSIcells, such as microprocessor cores and peripherals, are designed with a "test ring" 
of circuitry that enables two modes of testing to take place. In "core isolation mode:' 
Intel tests the ASIC core to the same stringent requirements as our standard parts. In 
"user test mode:' we run the same user-supplied vectors that were used during 
simulation. Our Mainframe Design Verification System, as well as workstation-based 
timing packages for VLSIcells, provide special tools to test the interoperation of the VLSI 
cells and user logic. 


System Design 


Breadboarding and software development for programmable cores are addressed with 
in-circuit emulation products. These Emulator Design Kits make use of "bond-out" 
versions of the ASIC cores. Such a kit may then be used to build a breadboard version of 
the ASIC, which includes the core and user logic - 
this is useful for building prototype 
systems prior to the completion of the ASIC device. The Emulator kits also contain 
PC-based software to download and debug system software. 


ASIC Training 


Training courses for Intel ASIC design, using Daisy or 
Mentor workstations, are offered periodically in Intel 
Technology Centers. More detailed courses on designing 
with microprocessor cores and peripherals are also 
available, and may be combined with the basic courses. 
All courses contain a lecture portion on the design rules 
and methodology, and extensive hands-on lab exercises. 
Contact the local Technology Center for a complete listing 
of training courses and to schedule course times. 


Engineering Services 


Intel Technology Centers are capable of assisting in all or part of an ASIC design. 
Engineers are available for consultation, or for complete design specification, verification, 
and test. 


Intel Technology Centers 


~lifomia 
United Kingdom 
Intel Technology Center 
Intel Technology Center 
3065 Bowers Avenue 
Piper'S Way 
Santa Clara, CA 95051 
Swindon SN31RJ 
Tel: (408) 987-5400 
Wiltshire, U.K. 
Tel: 0793 696000 


Massachusetts 
Intel Technology Center 
3 Carlisle Rd 
Westford, MAOl886 
Tel: (617) 692-3222 


france 
Intel Technology Center 
1 Rue Edison, BP303 
78054 Saint-Quentin- 
en-Yvelines Cedex 
Paris, France 
Tel: 33-1-3Q.-57-7000 


\1EI'TOR-BASED 
ASIC LlBRARILS 


• Support for Intel's entire ASIC library, including complex cells 
• Provides design-entry and simulation capability on Mentor Idea Stations 
• Added-value 
utilities for rules-ehecking, test-pattern development, and design-flow 
audit 
• Timing models correlated with Intel's referent simulator to reduce design iterations 
• Post-layout timing values incorporated into simulation (back-annotation) 


PRODUCT 
DESCRIPTION 
The Mentor Design Entry Package and TIming Calculation Packages provide complete 
ASIC design support to users of Mentor Idea Stations. These software libraries contain 
symbols, timing models, and added-value utilities to support Intel cell-based ASIC 
designs. The utilities and libraries are well-integrated with Mentor's NETED and 
QuickSim to provide a productive development environment with minimal design risk. 


FEATURES 
Schematic Entry Symbols 
The Mentor Design Entry Package contains symbols for 150 logic cells in the standard-cell 
library, plus microprocessor core and peripheral cells, including the VCSl, 8284, 8288, 
82284,82288, 8237,8254,8259. Also included is support for 11different telescoping cells 
(adders, counters, comparitors, registers) with widths of 1-12bits. The symbols are used 
in conjunction with Mentor's NETED software. 


Functional 
Simulation 
The Mentor Design Entry Package contains the intrinsic-delay timing models for the logic 
elements in Intel's ASIC library. This will enable the user to debug the logic of a design, 
but not the timing accuracy. The models are used with QuickSim. 


Full-Functional 
Timing Simulation 
The Mentor-based BasicTiming Package contains simulation models for the SSI/MSI 
elements of Intel's ASIC library. These contain the load-dependent delays for each pin of 
each cell, under best-case, worst-case, and normal conditions. Both pre-layout delays 
(algorithmically determined) and post-layout delays (back-annotated from the layout 
database) are supported, using QuickSim. 


intel·----------- 


The Intel Development 
Environment 
is the term used to describe 
the tools and services 
that run on engineering 
workstations 
and the internal 
mainframe 
environment. 
A set of 
utilities 
common 
to the development 
platforms 
has been created 
to ease the development 
of an ASIC design, 
as well as reduce 
the number 
of design 
iterations 
required 
for 
acceptance. 
The utilities 
are outlined 
in the table below. 


IDE_NETLIST 


IDE_SIM 


IDE_STATS 


IDE_TlF 


IDE_TIFCOMP 


IDE_TOGGLE 


IDE_TPDL 


Reports 
the execution 
time, version 
number, 
and errors for the tools 
executed 
in the design 
flow. 


Generates 
a skeleton 
TrDL 
file, using design 
dements 
l'xtracted 
from the database. 


Backannotah.'S 
post-layout 
interconnect 
delays 
into the design 
database. 


Performs 
electrical 
rules checks, such as pad connections, 
floating 
inputs, 
character 
names, 
etc. 


Invokes 
EXPAND with IDE-specific 
property, 
parameter, 
and 
primitive 
informatiun. 


Incorporates 
estimaled 
load-dependent 
delays 
inlo the design 
database. 


Generates 
a hierarchical 
netlist in SOL format. 


Establishes 
the simulation 
environment 
and invokes 
QuickSim. 


Creates 
a report 
file that profiles 
the number 
and types of cells used 
in the design. 


Converts 
simulation 
outputs 
10 test pattern 
(TPN) 
format. 


Compares 
.TPN files for slow, fast, and typical simulations, 
and 
reports 
cycle slips. 


Generates 
a list of all unloggled 
nodes. 


Converts 
user-developed 
production 
test program 
(in TPDL format) 
to MISL format 
for simulation 
stimuli. 


Copies 
all necessary 
design 
files to floppy disk for design 
acceptance 
and transfer. 


Hardware 
Required: 
Apollo 
OOMAIN 
System 
with at least 4 Mb 
RAM; eg, DN3000 or DN4000 


Software 
Required: 
Mentor 
Idea Slation 
SW ReI 6.0 or later 
For Design 
Entry: 
Mentor 
Capture 
Station 
For Simulation: 
Mentor 
Idea Sialion 


Media: 
1/4" Cartridge 
Tape shipped 
with order 
9-track 
MagTape 
available 
by request 
5-1/4" 
Roppy 
disks available 
by request 


Documentation 
Supplied: 
Inlel Cell-Based 
Design, 
Mentor 
Environment 


M-DEP 


MC-BTP 


Mentor Drsigll Elltry Packagr 


Mrlltor Cd/-BaSt'd Basic Timillg Packllgr 


IJt\l 
~1.'tMln, N[TEO, 
QuIl.:kSim 
,md C'pIUTl' 
St.IlIun 
,Ul' fl'Jo:i-.t,'n,t 
tr.ult'I1MrL .••1'1 \knll', 
(,r.II'lu, 
.• 


OO~AIN." 
,1rl'~N~Tl,i Ir.1J•..'nl.u"I.1 
AJ""U" 
l"nlpull'f, 
!I,,' 


Inl,,1 C' ••.pvr,'hI.1f'I .h-"llmt."o n,1 n--.pt~""lhlhlr 
Illt' th" u~·I".lIW 
(inUlin,. 
1'1h4.'rIn.m ,ulmln 
l'l'l\~ ••.Jl\'.t In ,In Inld 
pr."lu •.t 
, 
•• ,lth,-r .-lr,llIll"-lll,,1 


In·en •••.•••,u~: Impl~i Inl'lrTnolhun 
,"unl.lifk"t"'r,," ~up."1"ol .•I,•••pr.'\k"l~)~r'uhh~hI. 
.•l ~~'''lti,.'h''Il'-••nil,..",,· 
.1,.\"1,••••Ir••m Int,'1 


DAISY-BASLf) 
ASIC 
L1BRARILS 


• Support for Intel's entire ASIC library, including complex cells 
• Provides design-entry and simulation capability on Daisy workstations 
• Added-value utilities for rules-checking, test-pattern development, and design-flow 
audit 
• Timing models correlated with Intel's referent simulator to reduce design iterations 
• Post-layout timing values incorporated into simulation (back-annotation) 


PRODUCT 
DESCRIPTION 
The Daisy Design Entry Package and TIming Calculation Packages provide complete 
ASIC design support to users of Daisy workstations (Logician, Personal Logician, 
MegaLogician, and Entry! system). These software libraries contain symbols, timing 
models, and added-value utilities to support Intel cell-based ASIC designs. The utilities 
and libraries are well-integrated with Daisy's ACE, DED, and DLS2,to provide a 
productive development environment with minimal design risk. 


FEATURES 
Schematic Entry Symbols 
The Daisy Design Entry Package contains symbols for 150 logic cells in the standard-cell 
library, plus microprocessor core and peripheral cells, including the UC51, 8284,8288, 
82284, 82288,8237,8254, 8259. Also included is support for 11different telescoping cells 
(adders, counters, comparitors, registers) with widths of 1-12bits. The symbols are used 
in conjunction with Daisy's ACE and DED2 software. 


Functional 
Simulation 


The Daisy Design Entry Package contains the intrinsic-delay timing models for the logic 
elements in Intel's ASIC library. This will enable the user to debug the logic of a design, 
but not the timing accuracy. The models are used with DED2. 


Full-Functional 
Timing Simulation 
The Daisy-based BasicTIming Package contains simulation models for the SSI/MSI 
elements of Intel's ASIC library. These contain the load-dependent delays for each pin of 
each cell, under best-case, worst-case, and normal conditions. Both pre-layout delays 
(algorithmically determined) and post-layout delays (back-annotated from the layout 
database) are supported, using DLS2. 
intel'----------- 


The Intel Development 
Environment 
is the krm 
used to dl'scrih<.' till' tool, ,1I1dsl'rvin's 
that run on engineering 
workstations 
and thl' intemalmaintraml' 
l'Jl\'ironml'nl. 
A sl'l of 
utilities common 
to the development 
platforms 
has been crmted 
to ease till' d,'velopment 
of an ASIC design, as well as to reduce the numbl'r 
of lie-sign iter,lhons 
rl'ljuired for 
acceptance. 
The utilities are outlined 
in the table' belo\\'. 


IDE_NETLIST 


IDE_SOM2TPDL 


IDE_TIF 


IDE_ T1FCOMP 


Reports the execution 
lime, version numbl'r, ,1I1derrors tor thl' tools 
executed 
in the design flow. 


Generates 
a skeleton TPDL file, using lie-signl'll'ml'nls 
l'xtral'ted 
from the database 
with SING. 


Generates 
a hierarchicalnl'llist 
in 5DL form,ll. 


Converts 
a stimulus 
file,fmm SOM formal tlllhl' nABLE Sl'Clion 


appendl'd 
to a TPDL file. 


Creates a report file that profi1l's the numh<.'r ,1I1dtyp•.'s of cl'lls used 
in the design. 


Executes TCAL (for load-dependent 
del,w cakul,ltion) 
with specific 
user options. 


Converts 
simulation 
outputs 
to test pattl'rn 
l.TI'N) form,lt. 


Compares 
.TPN files for slo\\', fast, ,1I1dtvpic"l ,imubtions, 
,1I1d 
reports cycle slips. 


Activates 
the to~gle-te,tl"l\'imnment, 
lIl\'oking 51Ff, SOM, DL5, 


and the toggle utility. 


Converts 
user-developed 
production 
test progr,lm 
(in TPDL formall 
to SOM format (or sinuilation 
stinluli. 


Copies all necessary d,'Sign files to floppy disk for dl'sign 
acceptance 
and transfer. 


Hardware 
Required: 


For Schematic 
Entry and Simulation: 
Daisy 


Systems' 
Logician, Personal 
Lo~ician (286 or 
386), MegaLogician, 
or DOS--based "Entry!" 


system. 
Required: 
4 Mb RAM, 40 Mb Disk 
Suggested: 
8 Mb RAM, 1lO-140 Mb Disk 


Software 
Required: 
Daisy DNIX operating 
system, release 5.02 or 
later 


Media: 
5.25" or H" Diskettl's 


Documentation 
Supplied: 
Intel Cell-b"sed 
Design, Daisv Environment 


ORDERING 
INFORMATION 


D-DEP 
Dnisy Desigll 
Elltry 
Pnckage 


DC·BTP 
Dnisy Cd/,Bnsed 
Basic Till/illg Package 


I ""'•••.l.lll ,11'l4.1Mq:,ll .•.,.:i\i.ln,\l\· 
r\);l'I\'u,llr."I\'m.lr~' 
•••I>,li" 
~w't\·m•.l "f""'r,lll"" 


IOld t .'fJ"lI',lh.'" 
,ll-"'lm.. •••tW n ••,"'"1..•1••hIV lI.r II .••.• U"l.' ". 
,>n\ 
llhluln' 
.'Ih." 
th.HI ,U.llllr\ 
.,IlII ••••11•••.t III .111Ill!>'I"",I",1 
" 
•• 01I"'T, I" 1111\,.'1<'111 
hH'n",'" ,IR' 1111 
••1"-••,.1.Illh"n1,ltu'" 
••llll.lIl1 
•••••t "''''m ~lll""·T•.••.h .•.I.r..•.·.,.u•.h puhh .•I.••..•. 
I .•\••..•.lh•.'h.,Il •."11 th•••••••., •••.• In'lll 
11111'1 
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MCS®-96 
8098 ARCHITECTURAL 
OVERVIEW 


The 8098/8398 microcontrollers 
are pin compatible 
eight-bit data bus interface members of Intel Corpora- 
tion's MCS(8l-96architectural 
family of 16-bit micro- 


controllers; all of which feature a unique 256-byte Reg- 
ister Arithmetic 
Logic Unit (RALU) as part of the 
Central 
Processing Unit (CPU). There are actually 


three devices associated with what is generally referred 
to as the 8098. The product designation of 8398 is the 
nomenclature for the core RALU architecture intended 
for standalone designs with 8K X 8-bit on-chip read 
only memory (ROM) addresses. This on-chip memory 
is mask programmable for executable code and 8-, 16-, 
or with some arithmetic 
instructions 
32-bit memory 
data 
types. The 
8795BH is the 
8K byte on-chip 
EPROM component for prototyping and low volume 
production; and the 8098 is the ROMless RALU only 
device intended for applications with external memory 
addressing to 64K X 8. The EPROM version is the 
highest functionality device, in that it is user program- 
mable, but is provided in the same package and pinout 
as the 8098/8398 for easy prototyping. All software is 
upward compatible to 8X9XBH and the 8OC196KX 
architectures. 
Notations will be made when features 


and functionality differ between the various devices. 


The on-chip peripheral subsystems (see Figure I) under 
microcontrol of the RALU can be separated into sever- 
al sections for the purpose of describing its operation. 
There is a 17-bit arithmetic unit associated with the 
256-byte on-chip register file, a programmable High 
Speed Input/Output 
(HSIO) engine, a four input ana- 


log aquisition system (with 100bit Analog to Digital 
Converter), an internal interrupt 
controller and wait 


state ready logic, a synchronous/asynchronous 
serial 


port, and a Pulse Width Modulated (PWM) output for 
use with digital to analog conversion circuits. There are 
also clock generators as well as software and hardware 
timers that help support the overall operation of the 
device. The 17-bit RALU, 
10-bit A/D 
system, 8-bit 


PWM, and programmable High Speed I/O make the 
8098 a unique high performance product in the 8-bit 
microcontroller industry. Let's examine each feature. 


The major components of the 8098 CPU are the fast 
on-chip 
Register 
File, 
Special 
Function 
Registers 


(SFRs), 
Memory Controller 
and RALU 
(Register/ 


Arithmetic Logic Unit). Communication with the out- 
side world is done through 
either the SFRs or the 


Memory Controller. The RALU does not use an accu- 
mulator, it operates directly on the 256-byte address 
space made up of the Register File and the SFRs. Effi- 
cient I/O, AID, PWM and serial port operations are 
possible by directly controlling the I/O 
through the 
SFRs. The main benefits of this structure are the ability 
to quickly change context, the absence of accumulator 
bottleneck, and fast throughput and I/O times. 


A Control Unit and two busses connect the Register 
File and RALU. Figure 1 shows the CPU with its ma- 
jor bus connections. The two buses are the "A-Bus" 
which is 8 bits wide, and the "D-Bus" which is 16 bits 
wide. The D-Bus transfers 
data 
only between the 


RALU and the Register File or Special Function Regis- 
ters (SFRs). The A-Bus is used as the address bus for 
the above transfers or as a multiplexed address/data 
bus connecting to the "Memory Controller". Any ac- 
cesses of either the internal ROM or external memory 
are done through the Memory Controller. 


The Register File contains 232 bytes of RAM which 
can be accessed as bytes, words, or double-words. Since 
each of these locations can be used by the RALU, there 
are essentially 232 "accumulators". 
The first word in 


the Register File is reserved for use as the stack pointer 
so it can not be used for data when stack manipulations 
are taking place. Addresses for accessing the Register 
File and SFRs are temporarily stored in two 8-bit ad- 
dress registers by the CPU hardware. 


Most calculations performed by the 8098 take place in 
the RALU. The RALU, shown in Figure 2, contains a 
17-bit ALU, the Program Status Word (PSW), the Pro- 
gram Counter (PC), a loop counter, and three tempo- 
rary registers. All of the registers are 16 bits or 17 bits 
(16 plus sign extension) wide. Some of the registers 
have the ability to perform simple operations to off- 
load the ALU. 


POWER 
FREQUENCY 
VREF 
ANGND 
DOWN 
REFERENCE 
.---- 
· ··t·~,~:·~------~·~;, 
] 


GEN 
EPRO~ 879 
X BH 
I 
A-BUS 
8 
II 
I 
I 
I 


HIGH 
SPEED 
I/O 


PORT 3 


] 


ADDR 
DATA 
BUS 


PORT" 


inter 


A separate incrementor is used for the PC; however, 
jumps must be handled through the ALU. Two of the 
temporary registers have their own shift logic. These 
registers are used for the operations which require logi- 
cal shifts, including Normalize, Multiply and Divide. 
The "Lower Word" register is used only when double- 
word quantities are being shifted, the "Upper Word" 
register is used whenever a shift is performed or as a 
temporary 
register for many instructions. 
Repetitive 
shifts are counted by the 5-bit "Loop Counter". 


The DELAY shown in Figure 2 is used to convert the 
16-bit bus into an 8-bit bus. This is required as all ad- 
dresses and instructions are carried on the 8-bit A-Bus. 
Several constants, such as 0, I and 2 are stored in the 
RALU 
for use in speeding up certain calculations. 
These come in handy when the RALU needs to make a 
2's complement number or perform an increment or 
decrement instruction. 


The 8098 requires an input clock frequency of between 
6.0 MHz and 12 MHz to function. This frequency can 
be applied directly to XTAL I. Alternatively, 
since 
XTALI and XTAL2 are inputs and outputs of an in- 
verter, it is also possible to use a crystal to generate the 
clock. A block diagram of the oscillator section is 
shown in Figure 3. 


The crystal or external oscillator frequency is divided 
by 3 to generate the three internal timing phases as 
shown in Figure 4. Each of the internal phases repeat 
every 3 oscillator periods: 3 oscillator periods are re- 
ferred to as one "state time", the basic time measure- 
ment for 8098 operations. Most internal operations are 
synchronized to either Phase A, B or C, each of which 
have a 33% duty cycle. Phase A is represented exter- 
nally by CLKOUT, 
a signal available on the 68-pin 
part. Phases Band C are not available externally. The 
relationships of XTALl, 
CLKOUT, and Phases A, B 
and C are shown in Figure 4. It should be noted that 
propagation delays have not been taken into account in 
this diagram. 


The RESET line can be used to start the 8098 at an 
exact time to provide for synchronization of test equip- 
ment and multiple chip systems. Use of this feature is 
fully explained under RESET, Section 13. 


The addressable memory space on the 8098 consists of 
64 Kbytes, most of which is available to the user for 
program or data memory. Locations which have special 
purposes 
are OOOOHthrough 
OOFFH and 
IFFEH 
through 2080H. All other locations can be used for ei- 
ther program or data storage or for memory mapped 
peripherals. A memory map is shown in Figure 5. 


Locations OOHthrough OFFH contain the Register File 
and Special Function Registers (SFRs). No code can be 
executed from this internal RAM section. If an attempt 
to execute instructions from locations OOOHthrough 
OFFH is made, the instructions will be fetched from 
external memory. This section of external memory is 
reserved for use by Intel development tools. 


The RALU can operate on any of the 256 internal reg- 
ister locations. Locations OOHthrough 17H are used to 
access the SFRs. Locations 18H and 19H contain the 
stack pointer. These are not SFRs, and may be used as 
standard RAM if stack operations are not being per- 
formed. The stack pointer must be initialized by the 
user program and can point anywhere in the 64K mem- 
ory space. The stack builds down. There are no restric- 
tions on the use of the remaining 230 locations except 
that code cannot be executed from them. 
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All of the I/O on the 8098 is controlled through the 
SFRs. Many of these registers serve two functions; one 
if they are read from, the other if they are written to. 
Figure 5 shows the locations and names of these regis- 
ters. A summary of the capabilities of each of these 
registers is shown in Figure 6, with complete descrip- 
tions reserved for later sections. 


Within the SFR space are several registers labeled 
"RESERVED". These registers are reserved for future 
expansion and test purposes. Operations should not be 
performed with these registers as reads from them and 
writes to them may produce unexpected results. 


inter 


The 
upper 
16 RAM 
locations 
(OFOH 
through 
OFFH) 


receive 
their 
power 
from 
the VPD 
pin. 
If it is desired 
to 
keep the memory 
in these locations 
alive 
during 
a pow- 


er down 
situation, 
one 
need 
only 
keep 
voltage 
on 
the 


pin. 
The 
current 
required 
to 
keep 
the 
RAM 
alive 
is 
approximately 
1 mA 
(refer 
to the 
datasheet 
for 
the ex- 


act specification). 
Both 
VCC and VPD 
must 
have power 
applied 
for 
normal 
operation. 


To 
place 
the 
8098 
into 
a 
power 
down 
mode, 
the 
RESET 
pin 
is pulled 
low. 
Two 
state times 
later 
the part 
will 
be in 
reset. 
This 
is necessary 
to 
prevent 
the 
part 


from 
writing 
into 
RAM 
as the 
power 
goes down. 
The 


power 
may 
now 
be 
removed 
from 
the 
V cc pin, 
the 


VpD 
pin 
must 
remain 
within 
specifications. 
The 
8098 
can remain 
in this 
state for any amount 
of time 
and 
the 


16 RAM 
bytes 
will 
retain 
their 
values. 


To 
bring 
the 8098 out 
of power 
down, 
RESET 
is held 


low 
while 
V cc is applied. 
The 
8098 should 
have 
stable 
power 
when 
the 
clock 
circuit 
starts. 
Two 
state 
times 


after 
the 
oscillator 
has stabilized, 
the 
RESET 
pin 
can 


be pulled 
high. 
The 
8098 will 
begin 
to execute 
code 
at 
location 
02080H 
10 state 
times 
after 
RESET 
is pulled 


high. 
Figure 
7 shows 
a timing 
diagram 
of 
the 
power 
down 
sequence. 
To 
ensure 
that 
the 
2 state 
time 
mini- 
mum 
reset 
time 
(synchronous 
with 
CLKOUT) 
is met, 


it is recommended 
that 
10 XT ALl 
cycles 
be used. 


Register 
Description 
Section 


RO 
Zero 
Register: 
Always reads as a zero, useful for a base when indexing 
and as a 
3 
constant 
for calculations 
and compares. 
AD_RESULT 
A/D 
Result 
HI/Low: 
Low and high order Results 
of the AID 
converter 
(byte read 
8 
only) 
AD_COMMAND 
A/D 
Command 
Register: 
Controls 
the AID 
8 
HSI_MODE 
HSI Mode 
Register: 
Sets the mode of the High Speed 
Input unit. 
6 
HSI_TIME 
HSI Time 
Hi/La: 
Contains 
the lime at which the High Speed 
Input unit was triggered. 
6 
(word read only) 
HSO_TIME 
HSO Time 
HI/La: 
Sets the time or count for the High Speed Output to execute 
the 
7 
command 
in the Command 
Register. 
(word write only) 
HSO_COMMAND 
HSO Command 
Register: 
Determines 
what will happen 
at the time loaded into the 
7 
HSO Time Registers. 


HSI_STATUS 
HSI Status 
Registers: 
Indicates 
which 
HSI pins were detected 
at the time in the HSI 
6 
Time registers 
and the current 
state of the pins. 
SBUF (TX) 
Transmit 
buffer for the serial port, holds contents 
to be outputted. 
9 
SBUF (RX) 
Receive 
buffer for the serial port, holds the byte just received 
by the serial port. 
9 
INT_MASK 
Interrupt 
Mask 
Register: 
Enables 
or disables 
the individual 
interrupts. 
4 
INT _PENDING 
Interrupt 
Pending 
Register: 
Indicates 
that an interrupt 
signal has occurred 
on one of 
4 
the sources 
and has not been serviced. 
WATCHDOG 
Watchdog 
Timer 
Register: 
Written 
to periodically 
to hold off automatic 
reset every 
12 
64K state times. 


TIMER1 
Timer 
1 HilLa: 
Timer 1 high and low bytes. (word read only) 
5 
TIMER2 
Timer 
2 HilLa: 
Timer 2 high and low bytes. (word read only) 
5 
10PORTO 
Port 0 Register: 
Levels on pins of port O. 
10 
BAUD_RATE 
Register 
which determines 
the baud rate, this register 
is loaded sequentially. 
9 
IOPORT1 
Port 
1 Register: 
Used to read or write to Port 1. 
10 
IOPORT2 
Port 
2 Register: 
Used to read or write to Port 2. 
10 
SP_STAT 
Serial 
Port 
Status: 
Indicates 
the status of the serial port. 
9 
SP_CON 
Serial 
Port 
Control: 
Used to set the mode of the serial port. 
9 
10SO 
I/O Status 
Register 
0: Contains 
information 
on the HSO status. 
11 
10Sl 
I/O Status 
Register 
1: Contains 
information 
on the status of the timers and of the 
11 
HSI. 


lOCO 
I/O Control 
Register 
0: Controls 
alternate 
functions 
of HSI pins, Timer 2 reset 
11 
sources 
and Timer 2 clock sources. 


IOC1 
I/O Control 
Register 
1: Controls 
alternate 
functions 
of Port 2 pins, timer interrupts 
11 
and HSI interrupts. 


PWM_CONTROL 
Pulse 
Width 
Modulation 
Control 
Register: 
Sets the duration 
of the PWM pulse. 
8 
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VPD 
·5".5V 


RESET 


A listing of locations with special significance is shown 
in Figure 8. The locations marked Reserved are re- 
served by Intel for use in testing or future products. 
They must be filled with the Hex value FFH to insure 
compatibility with future parts. 


Resetting the 8098 causes instructions to be fetched 
starting from location 2080H. This location was chosen 
to allow a system to have up to 8K of RAM continuous 
with the register file. Further information on reset can 
be found in Section 13. 


OOOOH-0017H 
Register Mapped I/O (SFRs) 
0018H- 
0019H 
Stack Pointer 
1FFEH- 1FFFH Ports 3 and 4 
2000H- 
2011 H Interrupt Vectors 
2012H- 
2017H 
Reserved 
2018H 
Chip Configuration Byte 
2019H 
Reserved 
201AH- 201 BH "Jump to Self" Opcode (27H FEH) 
201CH- 201FH 
Reserved 
2020H- 
202FH 
Security Key 
2030H- 
207FH 
Reserved 
2080H 
Reset Location 


When an 8398 ROM part is ordered, or an 8795BH 
EPROM part is programmed, the internal memory lo- 
cations 2080H through 3FFFH are used specified, as 
are the interrupt vectors, Chip Configuration Register 
and Security Key in locations 2000H through 202FH. 


Instruction and data fetches from the internal ROM or 
EPROM occur only if EA is tied high and the address 
is between 2000H and 3FFFH. At all other times data 
is accessed from either the internal RAM space or ex- 
ternal memory and instructions are fetched from exter- 
nal memory. The EA pin is latched on RESET rising. 
Information on programming EPROMs can be found 
in the datasheet. 


The RALU talks to the memory (except for the loca- 
tions in the register file and SFR space) through the 
memory controller which is connected to the RALU by 
the A-Bus and several control lines. Since the A-Bus is 
eight bits wide, the memory controller uses a Slave Pro- 
gram Counter to avoid having to always get the instruc- 
tion location from the RALU. This slave PC is incre- 
mented after each fetch. When a jump or call occurs, 
the slave PC must be loaded from the A-Bus before 
instruction fetches can continue. 


In addition to holding a slave PC, the memory control- 
ler contains a 4 byte queue to held speed execution. 
This queue is transparent to the RALU and to the user 
unless wait states are forced during external bus cycles. 


There are several operating modes on the 8098. The 
standard bus mode uses a 16-bit multiplexed address 
and 8-bit data bus. In addition, there are several op- 
tions available on the type of control signals used by the 
bus. In the standard 
mode, external memory is ad- 
dressed through lines ADO through ADl5 which form 
a 16-bit address bus multiplexed with an 8-bit data bus. 
These lines share pins with I/O Ports 3 and 4. The 
falling edge of the Address Latch Enable (ALE) line is 
used to provide a signal to a transparent 
latch (i.e. 


74LS373) to hold the lower eight address bits while 
data is placed on the bus. 


To avoid confusion during the explanation of the mem- 
ory system it is reasonable to give names to the demulti- 
plexed address/data signals. The address signals will be 
called MAO through MAl5 
(Memory Address), and 
the data signals will be called MDO through 
MD7 
(Memory Data). 


intJ 


~ 
DATAIN 


AllDAESMlATA --E3 
DATAOUT 
~---- 


Figure 9 shows the idealized waveforms related to the 
following description of external memory manipula- 
tions. For exact timing specifications please refer to the 
latest datasheet. When an external memory fetch be- 
gins, the Address Latch Enable (ALE) line rises, and 
the address is put on ADO-ADI5. 
ALE then falls, the 
address is taken off the pins, and the RD (Read) signal 
goes low. When RD falls, external memory should 
present its data to the 8098. 


When using an 8-bit external bus with l6-bit data, some 
performance degradation is to be expected when com- 
pare to fetching the same data internally. On the 8098, 
execution times will slow down with an 8-bit bus if any 
of three conditions occur. First, word writes to external 
memory will cause the executing instruction to take 
two extra state times to complete. Second, word reads 
from external memory will cause a one state time exten- 
sion of instruction execution time. Finally, if the pre- 
fetch queue is empty when an instruction fetch is re- 
quested, instruction 
execution is lengthened by one 
state time for each byte that must be externally ac- 
quired (worst case is the number of bytes in the instruc- 
tion minus one). 


The data from the external memory must be on the bus 
and stable for a minimum of the specified setup time 
before the rising edge of RD. The rising edge of RD 
latches the information into the 8098. 


Writing to external memory requires timings that are 
similar to those required when reading from it. The 
main difference is that the write (WR) signal is used 
instead of the RD signal. The timings are the same until 
the falling edge of the WR line. At this point the 8098 
removes the address and places the data on the bus. 
When the WR line goes high the data should be latched 
to the external memory. A unique feature of the 8098 is 
its ability to use the Chip Configuration Register value 
(CCR described later) to configure the timing place- 
ment of the falling edge of WR. The exact timing speci- 
fications for memory accesses can be found in the data- 
sheet, but Figure 9 contains a conceptual diagram of 
this signal placement. 


A ready line is available on the 8098 to extend the 
width of the RD and WR pulses in order to allow ac- 
cess of slow memories or for DMA purposes. If the 
READY line is low by the specified time after ALE 
falls, the 8098 will hold the bus lines to their values at 
the falling edge of CLKOUT. When the READY line 
rises the bus cycle will continue with the next falling 
edge of CLKOUT. 


The 8098 has the ability to internally limit the number 
of wait states to I, 2 or 3 as determined by the value in 
the Chip Configuration 
Register (CCR). Using the 
CCR for ready timing is discussed at the end of this 
section. If a ready limit is set, the TLLYH MAX speci- 
fication is not used. If READY is held low at reset, 
three wait-states will be inserted into the CCR fetch 
cycle. 


The 8098 supports a variety of options to simplify 
memory systems, interfacing requirements and ready 
control. Bus flexibility is provided by allowing selection 
of bus control signal definitions. In addition, several 
ready control modes are available to simplify the exter- 
nal hardware requirements for accessing slow devices. 
The Chip Configuration 
Register (CCR) is used to 
store the operating mode information. 
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RESERVED (Set 
to 
1 for 
compatibility 
with 
future 
part.) 


BUS WIDTH SELECT 
(a - BIT BUS) = 0 


WRITE STROBE MODE SELECT 
1 = STANDARD/O = WRITE STROBE 


ADDRESS VALID STROBE SELECT 


(ALE/ 
ADV) 


(lRCO) 
} INTERNAL READY 


(IRC1) 
CONTROL MODE 


= 0 
} PROGRAM LOCK 
(LOC1) 
MODE 


270652-8 


Configuration information is stored in the Chip Config- 
uration Register (CCR). Three of the bits in the register 
specify the bus control mode and ready control mode. 
Two bits also govern the level of ROM/EPROM 
pro- 
tection. The CCR bit map is shown in Figure 10. The 
functions associated with each bit are described in this 
section. 


The CCR is loaded on reset with the Chip Configura- 
tion Byte, located at address 2018H. The CCR register 
is a non-memory mapped location that can only be 
written to during the reset sequence; once it is loaded it 
cannot be changed until the next reset occurs. The 8098 
will correctly read this location in every bus mode. 


If the EA pin is set to a logical 0, the access to 2018H 
comes from external memory. If EA is a logical I, the 
access comes from internal ROM/EPROM. 
IfEA is = 
12.5V, the CCR is loaded with a byte from a separate 
non-memory-mapped location called PCCB (Program- 
ming CCB). The Programming mode is described in the 
datasheet. 


Using the CCR, the 8098 can be made to provide bus 
control signals of several types. Two control lines have 
dual functions designed to reduce external hardware. 
Bits 2 and 3 of the CCR specify the functions per- 
formed by these control lines. 


PORT. 


PORT 3 


a-BIT 
PORT. 
LATCHED 
ADDRESS HIGH 


If CCR bits 2 and 3 are Is, then the standard 8098 
control signals WR and ALE are provided (Figure 12) 
WR will come out for every write. ALE will rise as the 
address starts to come out, and will fall to provide the 
signal to externally latch the address. 
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ALE~ 


WR 
I 


ADO-7 -B 
DATA 
OUT 
~ 


AD8 -15 
~ 
AD_D_R_ES_S_H_I_GH J- 


If CCR bit 3 is a 0, then an Address Valid strobe is 
provided in the place of ALE (Figure 14). When the 
address valid mode is selected, ADV will go low after 
an external address is setup. It will stay low until the 
end of the bus cycle, where it will go inactive high. This 
can be used to provide a chip select for external memo- 
ry. 


A unique ability of the Bus Controller is to utilize the 
Chip Configuration Register to select at reset time the 
width of the WR signal by changing the position of the 
falling edge relative to the memory cycle. Clearing bit 2 
of the CCR to 0 will enable a shorter WR width. This is 
useful when interfa~ 
to device that latch data on the 
falling edge of the WR signal. 


If both CCR bits 2 and 3 are Os,both the Address Valid 
strobe and the shortened Write Strobe timing will be 
provided for bus control. Figure 15 shows these signals. 


WRITE STROBE 
,--' 
--- \..J 
/ 


STANDARD 
WRITE 
PORT MUX 
,.------ 
•••••••• 
AOO-15 
•••• < 
ADDRESS 
X 
OUTPUT 
DATA 
>: 
. 
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ADVI 
__ 
I 


WR 
1 


ADO-7 -B 
DATA 
OUT r--- 


AD8 -15 
~ 
A_D_DR_E_S_S_H_IG_H 
__ t- 


8·Blt Bus Cycle 


ADV~ 


ADO -7 -1ADDR 
LOW I 
DATA 
OUT J- 


AD8 
-15 -1 
AD_D_R_ES_S_HI_GH J- 


Figure 15. Write Strobe with 
Address 
Valid Strobe 


To simplify read control, four modes of internal ready 
control logic have been provided. The modes are cho- 
sen by properly configuring bits 4 and 5 of the CCR. 


The internal ready control logic can be used to limit the 
number of wait states that slow devices can insert into 
the bus cycle. When the READY pin is pulled low, 
wait states will be inserted into the bus cycle until the 
READY pin goes high, or the number of wait states 
equals the number specified by CCR bits 4 and 5, 
whichever comes first. Figure 16 shows the number of 
wait states that can be selected. Internal Ready control 
can be disabled by loading 11 into bits 4 and 5 of the 
CCR. 
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IRC1 
IRCO 
Description 


0 
0 
Limit to 1 Wait State 
0 
1 
Limit to 2 Wait States 
1 
0 
Limit to 3 Wait States 
1 
1 
Disable Internal Ready Control 


This feature provides for simple ready control. For ex- 
ample, every slow memory chip select line could be 
ORed together and be connected to the READY pin 
with CCR bits 4 and 5 programmed to give the desired 
number of wait states to the slow devices. 


Several modes of program memory lock are available 
on the 8398/9795BH. CCR bits 6 and 7 (LOCO, LOCI) 
select whether internal program memory can be read 
(or written in EPROM parts) by a program executing 
from external memory. The modes are shown in Figure 
17. Internal ROM/EPROM 
addresses 2020H through 
3FFFH are protected from reads while 2000H through 
3FFFH are protected from writes, as set by the CCR. 


LOC1 
Protection 


0 
Read Protected 
1 
No Protection 


Only code executing from internal memory can read 
protected 
internal memory, while a write protected 
memory cannot be written to, even from internal execu- 
tion. As a result of 8098 prefetching of instructions, 
however, accesses to protected memory are not allowed 
for instructions located above 3FFAH. This is because 
the lock protection mechanism is gated off of the Mem- 
ory Controller's 
slave program counter and not the 
CPU program counter. If the bus controller receives a 
request to perform a read of protected memory, the 
read sequence occurs with indeterminate data being re- 
turned to the CPU. Note that the interrupt vectors and 
the CCR are not protected. 


To provide verification and testing when the program 
lock feature is enabled, the 8398 and 8795BH verify the 
security key before programming or test modes are al- 
lowed to read from protected memory. Before protect- 
ed memory can be read, the chip reads external memo- 
ry locations 4020H through 402FH and compares the 
values found to the internal security key located from 
2020H through 202FH. Only when the values exactly 
match will accesses to protected memory be allowed. 


The details of ROM/EPROM 
accessing are discussed 
in the datasheets. 


This section provides information on writing programs 
to execute in the 8098. Additional information can be 
found in the following documents: 


INTEL 
EMBEDDED 
CONTROLLER 
HAND- 
BOOK 1989 16-BIT 
Order Number 270646 


MCS-96 MACRO ASSEMBLER USER'S GUIDE 
Order Number 186 ASM96 (Intel Systems) 
Order Number 086 ASM96NL (DOS Systems) 


PLIM-96 USER'S GUIDE 
Order Number 186 PLM96 (Intel Systems) 
Order Number 086 PLM96NL (DOS Systems) 


C96 USER'S GUIDE 
Order Number D86 C96NL (DOS Systems) 


Throughout this section, short sections of code are used 
to illustrate the operation of the device. For these sec- 
tions it has been assumed that a set of temporary regis- 
ters have been predeclared. The names of these registers 
have been chosen as follows: 


AX, BX, CX and OX are 16-bit registers. 
AL is the low byte of AX, AH is the high byte. 
BL is the low byte of BX 
CL is the low byte of CX 
DL is the low byte of OX 


These are the same as the names for the general data 
registers used in the 80186. It is important 
to note, 
however, that in the 8098, these are not dedicated regis- 
ter, but merely the symbolic names assigned by the pro- 
grammer to an eight byte region within the onboard 
register file. 


The 8098 architecture provides support for a variety of 
data types which are likely to be useful in an 8098 con- 
trol application. In the discussion of these operand 
types that follows, the names adopted by the PLM-96 
programming language will be used where appropriate. 
To avoid confusion, the name of an operand type will 
be capitalized. A "BYTE" is an unsigned eight bit vari- 
able; a "byte" is an eight bit unit of data of any type. 
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BYTES are unsigned 8-bit variables which can take on 
the values between 0 and 255 Arithmetic and relational 
operators can be applied to BYTE operands but the 
result must be interpreted in modulo 256 arithmetic. 
Logical operations on BYTES are applied bitwise. Bits 
within BYTES are labeled from 0 to 7, with 0 being the 
least significant bit. There are no alignment restrictions 
for BYTES, so they may be placed anywhere in the 
MCS-96 address space. 


WORDS are unsigned l6-bit variables which can take 
on the values between 0 and 65535. Arithmetic and 
relational operators can be applied to WORD operands 
but the result must be interpreted modulo 65536. Logi- 
cal operations on WORDS are applied bitwise. Bits 
within words are labeled from 0 to 15 with 0 being the 
least significant bit. WORDS must be aligned at even 
byte boundaries in the MCS-96 address space. The least 
significant byte of the WORD is in the even byte ad- 
dress and the most significant byte is in the next higher 
(odd) address. The address of a word is the address of 
its least significant byte. Word operations to odd ad- 
dresses are not guaranteed to operate in a consistent 
manner. 


SHORT-INTEGERS 
are 8-bit signed variables which 
can take on the values between 
-128 
and + 127. 
Arithmetic operations which generate results outside of 
the range of a SHORT-INTEGER 
will set the overflow 


indicators in the program status word. The actual nu- 
meric result returned will be the same as the equivalent 
operation on BYTE variables. There are no alignment 
restrictions on SHORT-INTEGERS 
so they may be 
placed anywhere in the MCS-96 address space. 


INTEGERS are 16-bit signed variables which can take 
on the values between - 32,768 and 32,767. Arithmetic 
operations which generate results outside of the range 
of an INTEGER will set the overflow indicators in the 
program status word. The actual numeric result re- 
turned will be the same as the equivalent operation on 
WORD variables. INTEGERS 
conform to the same 


alignment and addressing rules as do WORDS. 


BITS are single-bit operands which can take on the 
Boolean values of true and false. In addition to the nor- 
mal support 
for bits as components 
of BYTE and 
WORD operands, the 8098 provides for the direct test- 
ing of any bit in the internal register fIle. The MCS-96 
architecture requires that bits be addressed as compo- 
nents of BYTES or WORDS, it does not support the 
direct addressing of bits that can occur in the MCS-51 
architecture. 


DOUBLE-WORDS 
are 
unsigned 
32-bit 
variables 


which 
can 
take 
on 
the 
values 
between 
0 
and 
4,294,967,295. The MCS-96 architecture provides di- 
rect support for this operand type only for shifts and as 
the dividend in a 32 by 16 divide and the product of a 
16 by 16 multiply. For these operations a DOUBLE- 
WORD variable must reside in the on-board register 
file of the 8098 and be aligned at an address which is 
evenly divisible by 4. A DOUBLE-WORD 
operand is 
addressed by the address of its least significant byte. 
DOUBLE-WORD 
operations which are not directly 
supported can be easily implemented with two WORD 
operations. For consistency with Intel provided soft- 
ware the user should adopt the conventions for address- 
ing DOUBLE-WORD operands which are discussed in 
Section 3.5. 


LONG-INTEGERS 
are 32-bit signed variables which 
can take on the values between 2,147,483,648 and 
2,147,483,647. The 8098 architecture 
provides direct 
support for this data type only for shifts and as the 
dividend in a 32 by 16divide and the product of a 16by 
16 multiply. 


LONG·INTEGERS 
can also be normalized. For these 
operations a LONG-INTEGER 
variable must reside in 
the onboard register fIle of the 8098 and be aligned at 
an address which is evenly divisible by 4. A LONG· 
INTEGER is addressed by the address of its least sig- 
nificant byte. 


LONG-INTEGER 
operations which are not directly 
supported can be easily implemented with two INTE- 
GER operations. For consistency with Intel provided 
software, the user should adopt the conventions for ad- 
dressing LONG operands which are discussed in Sec- 
tion 3.5. 
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8098 ARCHITECTURAL 
OVERVIEW 


Operands are accessed within the address space of the 
8098 with one of six basic addressing modes. Some of 
the details of how these addressing modes work are 
hidden by the assembly language. If the programmer is 
to take full advantage of the architecture, it is impor- 
tant that these details be understood. This section will 
describe the addressing modes as they are handled by 
the hardware. At the end of this section the addressing 
modes will be described as they are seen through the 
assembly language. The six basic address modes which 
will be described are termed register-direct, indirect, in- 
direct with auto-increment, 
immediate, short-indexed 
and long-indexed. Several other useful addressing oper- 
ations can be achieved by combining these basic ad- 
dressing modes with specific registers such as the 
ZERO register or the stack pointer. 


The register-direct mode is used to directly access a 
register from the 256 byte on-board register file. The 
register is selected by an 8-bit field within the instruc- 
tion and register address and must conform to the 
alignment rules for the operand type. Depending on the 
instruction, up to three registers can take part in the 
calculation. 


The indirect mode is used to access an operand by plac- 
ing its address in a WORD variable in the register file. 
The calculated address must conform to the alignment 
rules for the operand type. Note that the indirect ad- 
dress can refer to an operand anywhere within the ad- 
dress space of the 8098, including the register file. The 
register which contains the indirect address is selected 
by an eight bit field within the instruction. An instruc- 
tion can contain only one indirect reference and the 
remaining operands of the instruction (if any) must be 
register-direct references. 


INDIRECT 
WITH 
AUTO-INCREMENT 
REFERENCES 


This addressing mode is the same as the indirect mode 
except that the WORD variable which contains the in- 
direct address is incremented after it is used to address 
the operand. If the instruction operates on BYTES or 
SHORT-INTEGERS 
the indirect address variable will 
be incremented by one, if the instruction operates on 
WORDS or INTEGERS 
the indirect address variable 
will be incremented by two. 


This addressing mode allows an operand to be taken 
directly from a field in the instruction. For operations 
on BYTE or SHORT-INTEGER 
operands this field is 


eight bits wide, for operations on WORD or INTE- 
GER operands the field is 16 bits wide. An instruction 
can contain only one immediate reference and the reo 
maining operand(s) must be register-direct references. 


In this addressing mode an eight bit field in the instruc- 
tion selects a WORD variable in the register file which 
is assumed to contain an address. A second eight bit 
field in the instruction 
stream is sign-extended and 


summed with the WORD variable to form the address 
of the operand which will take part in the calculation. 
Since the eight bit field is sign-extended, the effective 
address can be up to 128bytes before the address in the 
WORD variable and up to 127 bytes after it. An in- 
struction can contain only one short-indexed reference 
and the remaining operand(s) must be register-direct 
references. 


This addressing mode is like the short-indexed mode 
except that a l6-bit field is taken from the instruction 
and added to the WORD variable to form the address 
of the operand. No sign extension is necessary. An in- 
struction can contain only one long-indexed reference 
and the remaining operand(s) must be register-direct 
references. 


The first two bytes in the register file are fixed at zero 
by the 8098 hardware. In addition to providing a fixed 
source of the constant zero for calculations and com- 
parisons, this register can be used as the WORD vari- 
able in a long-indexed reference. This combination of 
register selection and address mode allows any location 
in memory to be addressed directly. 


The system stack pointer in the 8098 can be accessed as 
register 18H of the internal register file. In addition to 
providing for convenient manipulation 
of the stack 
pointer, this also facilitates the accessing of operands in 
the stack. The top of the stack, for example, can be 
accessed by using the stack pointer as the WORD vari- 
able in an indirect reference. In a similar fashion, the 
stack pointer can be used in the short-indexed mode to 
access data within the stack. 


The ASM96 language simplifies the choice of address- 
ing modes to be used in several respects: 


Direct Addressing. The assembly language will choose 
between register-direct 
addressing 
and long-indexed 
with the ZERO register depending on where the oper- 
and is in memory. The user can simply refer to an oper- 
and by its symbolic name; if the operand is in the regis- 
ter file, a register-direct reference will be used, if the 
operand is elsewhere in memory, a long-indexed refer- 
ence will be generated. 


Indexed 
Addressing. 
The 
assembly 
language 
will 
choose between short and long indexing depending on 
the value of the index expression. If the value can be 
expressed in eight bits then short indexing will be used, 
if it cannot be expressed in eight bits then long indexing 
will be used. 


The use of these features of the assembly language sim- 
plifies the programming task and should be used wher- 
ever possible. 


The program status word (pSW) is a collection of Boo- 
lean flags which retain information concerning the state 
of the user's program. The format of the PSW is shown 
in Figure 18. The information in the PSW can be bro- 
ken down into two basic categories; interrupt control 
and condition flags. The PSW can be saved in the sys- 
tem stack with a single operation (PUSHF) and re- 
stored in a like manner (POPF). 


The lower eight bits of the PSW are used to individual- 
ly mask the various sources of interrupt to the 8098. A 
logical "1" in these bit positions enables the servicing of 
the corresponding interrupt. 
These mask bits can be 
accessed as an eight bit byte (INT _MASK-address 
8) in the on-board register file. Bit 9 in the PSW is the 
global interrupt disable. If this bit is cleared then all 
interrupts will be locked out. Note that the various in- 
terrupts are collected in the INT_PENDING 
register 
even if they are locked out. Execution of the corre- 
sponding service routines will procede according to 
their priority when they become enabled. Further infor- 
mation on the interrupt structure of the 8098 can be 
found in Section 4. 


The remaining bits in the PSW are set as side effects of 
instruction execution and can be tested by the condi- 
tional jump instructions. 
Z 
The Z (Zero) flag is set to indicate that the opera- 
tion generated a result equal to zero. For the add- 
with-carry 
(ADDC) 
and 
subtract-with-borrow 
(SUBC) operations the Z flag is cleared if the re- 
sult in non-zero but is never set. These two in- 
structions are normally used in conjunction with 
the ADD and SUB instructions to perform multi- 
ple precision arithmetic. The operation of the Z 
flag for these instructions leaves it indicating the 
proper result for the entire multiple precision cal- 
culation. 
N 
The N (Negative) flag is set to indicate that the 
operation generated a negative result. Note that 
the N flag will be set to the algebraically correct 
state even if the calculation overflows. 
V 
The V (overflow) flag is set to indicate that the 
operation generated a result which is outside the 
range that can be expressed in the destination 
data type. For the SHL, SHLB and SHLL in- 
structions, the V flag will be set if the most signif- 
icant bit of the operand changes at any time dur- 
ing the shift. 


VT The VT (oVerflow Trap) flag is set whenever the 
V flag is set but can only be cleared by an instruc- 
tion which explicitly operates on it such as the 
CLRVT or NT instructions. The operation of the 
VT flag allows for the testing for a possible over- 
flow condition at the end of a sequence of related 
arithmetic operations. This is normally more effi- 
cient than testing the V flag after each instruction. 


C 
The C (Carry) flag is set to indicate the state of the 
arithmetic carry from the most significant bit of 
the ALU for an arithmetic operation or the state 
of the last bit shifted out of the operand for a shift. 
Arithmetic Borrow after a subtract operation is 
the complement of the C flag. (i.e. if the operation 
generated a borrow then C = 0). 
ST 
The ST (STicky bit) flag is set to indicate that 
during a right shift a I has been shifted first into 
the C flag and then been shifted out. The ST flag 
is undefined after a multiply operation. The ST 
flag can be used along with the C flag to control 
rounding after a right shift. Consider multiplying 
two eight bit quantities and then scaling the result 
down to 12 bits: 
MULUB AX, CL, DL 
;AX: = CL*DL 
SHR 
AX, #4 
;Shift Right 4 Places 


If the C flag is set after the shift, it indicates that the 
bits shifted off the end of the operand were greater-than 
or equal-to one half the least significantbit (LSB)of the 
result. If the C flag is clear after the shift, it indicates 
that the bits shifted off the end of the operand were less 
than half the LSB of the result. Without the ST flag, 
the rounding decision must be made on the basis of this 
information alone. (Normally the result would be 
rounded up if the C flag is set.) The ST flag allows a 
finer resolution in the rounding decision: 


CST 
Value of the Bits Shifted 
Off 


00 
Value = 0 


01 
o < Value < % LSB 


10 
Value = %LSB 


1 1 
Value> 
%LSB 


Imprecise rounding can be a major source of error in a 
numerical calculation; use of the ST flag improves the 
options available to the programmer. 


The 8098instruction set contains a full set of arithmetic 
and logical operations for the 8-bit data types BYTE 
and SHORT INTEGER and for the 16-bit data types 
WORD and INTEGER. The DOUBLE-WORD and 
LONG data types (32 bits) are supported for the prod- 
ucts of 16 by 16 multiplies and the dividends of 32 by 
16dividesand for shift operations. The remaining oper- 
ations on 32-bit variables can be implemented by com- 
binations of 16-bit operations. As an example the se- 
quence: 
ADD 
AX, CX 
ADDCBX, DX 


performs a 32-bit addition, and the sequence 
SUB 
AX, CX 
SUBC BX, DX 


performs a 32-bit subtraction. Operations on REAL 
(i.e. floating-point) variables are not supported directly 
by the hardware but are supported by the floating-point 
library for the 8098 (FPAL-96) which implements a 
single precision subset of the proposed IEEE standard 
for floating-point operations. The performance of this 
software 
is 
significantly improved 
by 
the 
8098 
NORML instruction which normalizes a 32-bit vari- 
able and by the existence of the ST flag in the PSW. 


In addition to the operations on the various data types, 
the 8098 supports conversions between these types. 
LDBZE (load byte zero extended) converts a BYTE to 
a WORD and LDBSE (load byte sign extended) con- 
verts 
a 
SHORT-INTEGER 
into 
an 
INTEGER. 
WORDS can be converted to DOUBLE-WORDS by 
simply clearing the upper WORD of the DOUBLE- 
WORD (CLR) and INTEGERS can be converted to 
LONGS with the EXT (sign extend) instruction. 


intJ 


The 8098 instructions 
for addition, subtraction, 
and 
comparison do not distinguish between unsigned words 
and signed integers. Conditional jumps are provided to 
allow the user to treat the results of these operations as 
either signed or unsigned quantities. As an example, the 
CMPB (compare byte) instruction is used to compare 
both signed and unsigned eight bit quantities. A JH 
Gump if higher) could be used following the compare if 
unsigned operands were involved or a JGT Gump if 
greater-than) if signed operands were involved. 


Section 14.7 summarizes the operation of each of the 
instructions. Complete descriptions of each instruction 
and its timings can be found in the Instruction 
Set 
chapter. Examples of using the instruction set of the 
MCS-96 family can be found in Application Note AP- 
248 "Using the 8096". 


3.5 Software 
Standards 
and 
Conventions 


For a software project of any size it is a good idea to 
modularize 
the program 
and to establish standards 
which control the communication between these mod- 
ules. The nature of these standards will vary with the 
needs of the final application. A common component of 
all of these standards, however, must be the mechanism 
for passing parameters 
to procedures and returning 
results from procedures. In the absence of some over- 
riding consideration which prevents their use, it is sug- 
gested that the user conform to the conventions adopt- 
ed by the PLM-96 programming language for proce- 
dure linkage. It is a very usable standard for both the 
assembly language and PLM-96 environment and it of- 
fers compatibility between these environments. Anoth- 
er advantage is that it allows the user access to the same 
floating point arithmetics library that PLM-96 uses to 
operate on REAL variables. 


PLM-96 adopts the simple and effective strategy of al- 
locating the eight bytes between addresses ICH and 
23H as temporary storage. The starting address of this 
region is called PLMREG. The remaining area in the 
register file is treated as a segment of memory which is 
allocated as required. 


These operands are formed from two adjacent l6-bit 
words 
in 
memory. 
The 
least 
significant 
word 
of 
the double word is always in lower address, even when 
the data is in the stack (which means that the most 
significant word must be pushed into the stack first). A 
double word is addressed by the address of its least 
significant byte. Note that the hardware supports some 


operations on double words (e.g. normalize and divide). 
For these operations the double word must be in the 
internal register file and must have an address which is 
evenly divisible by four. 


Parameters are passed to subroutines in the stack. Pa- 
rameters are pushed into the stack in the order that 
they are encountered in the scanning of the source text. 
Eight-bit 
parameters 
(BYTES 
or 
SHORT-INTE- 
GERS) are pushed into the stack with the high order 
byte undefined. Thirty-two 
bit parameters 
(LONG- 
INTEGERS, 
DOUBLE-WORDS 
and 
REALS) 
are 
pushed into the stack as two 16-bit values; the most 
significant half of the parameter 
is pushed into the 
stack first. 


As an example, consider the following PLM-96 proce- 
dure: 


example_procedure: 
PROCEDURE 
(paraml, param2, param3) 


DECLARE param I BYTE, 


param2 DWORD, 
param3 WORD; 


When this procedure is entered at run time the stack 
will contain the parameters in the following order: 


??????: param1 


high word of param2 


low word of param2 


param3 


return address 
~ 
Stacie-pointer 


Figure 20. Stack Image 


If a procedure returns a value to the calling code (as 
opposed to modifying more global variables) then the 
result is returned in the variable PLMREG.PLMREG 
is viewed as either an 8-, 16- or 32-bit variable depend- 
ing on the type of the procedure. 


The standard calling convention adopted by PLM-96 
has several key features: Procedures can always assume 
that the eight bytes of register file memory starting at 
PLMREG can be used as temporaries within the body 
of the procedure. Code which calls a procedure must 
assume that the eight bytes of register file memory 
starting at PLMREG 
are modifieq by the procedure. 
The Program Status Word (PSW_see 
Section 3.3) is 
not saved and restored by procedures so the calling 
code must assume that the condition flags (Z, N, V, 
VT, C and ST) are modified by the procedure. Function 
results from procedures are always returned in the vari- 
able PLMREG. 


inter 


PLM-96 allows the definition of INTERRUPT 
proce- 
dures which are executed when a predefined interrupt 
occurs. These procedures do not conform to the rules of 
a normal procedure. Parameters cannot be passed to 
these procedures and they cannot return results. Since 
they can execute essentially at any time (hence the term 
interrupt), 
these procedures must save the PSW and 
PLMREG when they are entered and restore these val- 
ues before they exit. 


There are 21 sources of interrupts on the 8098. These 
sources are gathered into 8 interrupt types as indicated 
in Figure 21. The I/O control registers which control 
some of the sources are indicated in the figure. Each of 
the eight types of interrupts has its own interrupt vector 
as listed in Figure 22. In addition to the 8 standard 
interrupts, there is a TRAP instruction which acts as a 
software generated interrupt. 
This instruction 
is not 
currently supported by the MCS-96 Assembler and is 
reserved for use in Intel development systems. 


The programmer must initialize the interrupt vector ta- 
ble with the starting address of the appropriate inter- 
rupt service routine. It is suggested that any unused 
interrupts be vectored to an error handling routine. The 
error routine should contain recovery code that will not 
further corrupt an already erroneous situation. In a de- 
bug environment, it may be desirable to have the rou- 
tine lock into a jump to self loop which would be easily 
traceable with emulation tools. More sophisticated rou- 
tines may be appropriate for production code recover- 
ies. 


Three registers control the operation of the interrupt 
system: Interrupt 
Pending, Interrupt 
Mask, and the 
PSW which contains a global disable bit. A block dia- 
gram of the system is shown in Figure 23. The tran- 
sition detector looks for 0 to 1 transitions on any of the 
sources. External sources have a maximum transition 
speed of one edge every state time. If this is exceeded 
the interrupt may not be detected. This means that a 
signal that transitions in one state time may not tran- 
sition again until a subsequent state time. 


r--- IOC1.l 


UTlNT ~"--------EXTINT 
ACH.7 ----<> 


TI FLAG--=:J----------- 
SERIALPORT 
RI FLAG 
r--- HSO_COMMAHD.4 


SOFTWARETIMER0 ~~ 
SOFTWARETIMER1 
SOFTWARETIMER2 
SOFTWARETIMER3 
RESET TIllER 2' 
STARTAJOCONVERSION" 


HSI.O-----------HSI.O 
r--- HSQ.£OIIMAND.4 


ANYHSO OPERATION~ 
~---------HIGH 
SPEED OUTPUTS 


r---IOC1.7 
F1FOISFULL~ 
HOLDINGREGISTERLOADED_ 
HSI DATAAVAILABLE 


r---iOC1.2 
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TIMEROVERFLOW 
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Il...--IOC1.3 


NOTE: 
'Only when initiatedby the HSO unit. 
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Vector Location 


Vector 
(High 
(Low 
Priority 
Byte) 
Byte) 


Software 
2011H 
2010H 
Not Applicable 
Extint 
200FH 
200EH 
7 (Highest) 
Serial Port 
200DH 
200CH 
6 
Software 
200BH 
200AH 
5 
Timers 
HSI.O 
2009H 
2008H 
4 
High Speed 
2007H 
2006H 
3 
Outputs 
HSI Data 
2005H 
2004H 
2 
Available 
AID 
Conversion 
2003H 
2002H 
1 
Complete 
Timer Overflow 
2001H 
2000H 
o (Lowest) 


••--- 
IOCl.l 


EXTlNT ~~--------EXTINT 
ACH.7 
--4 


TI FLAG--=:J-~-------- 
SERIAL PORT 


RI FLAG 
•• 
HSO_COMMAND.4 


SOFTWARE TIllER 
0 ~ 
'.lo 


SOFTWARE TIMER 1 
SOFTWARE TIMER 2 
SOFTWARE TIMER 3 


RESET TIllER 
:z- 


START AID CONVERSION" 


HSI.O-----------HSI.O 


••--- 
HSQ..CO"MAND.4 


ANY HSO OPERATION _ 
'.lo~-------- 
HIGH SPEED OUTPUTS 


••---IOC1.7 
FlFOISFULL~ 
HOLDING REGISTER LOADED __ 
HSI DATA AVAILABLE 


~ 


--1OC1.2 


TlMERl 
OVERFLOW 
_ 
v---_~- TIMER OVERFLOW 


T1MER2 OVERFLOW 
_ 
".------~ 
L__,oc1.3 
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When the hardware detects one of the eight interrupts 
it sets the corresponding bit in the pending interrupt 
register (INT_PENDING-Q9H). 
When the interrupt 
vector is taken, the pending bit is cleared. This register, 
the format of which is shown in Figure 24, can be read 
or modified as a byte register. It can be read to deter- 
mine which of the interrupts are pending at any given 
time or modified to either clear pending interrupts or 
generate interrupts under software control. Any soft- 
ware which modifies the INT_PENDING 
register 
should ensure that the entire operation is indivisible. 
The easiest way to do this is to use the logical instruc- 
tions in the two or three operand format, for example: 


ANDB INT_PENDING, 
#l1ll1lOlB 
;Clears the AID Interrupt 


ORB INT_PENDING, 
#OOOOOOIOB 
;Sets the AID Interrupt 


(LOCATION 
09H) 


~ 
III 
I 
I ~ :~~E:,;J", 
HSO EVENT 
HSI BIT 0 
SOFTWARE TIMERS 
'---------- 
SERIAL I/O 
L- 
EXTERNAL INTERRUPT 
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Interrupt 
Mask Register 


Individual interrupts can be enabled or disabled by set- 
ting or clearing bits in the interrupt 
mask register 
(INT_MASK-08H). 
The format of this register is the 
same as that of the Interrupt Pending Register shown 
in Figure 24. 


The INT _MASK 
register can be read or written as 
byte register. A one in any bit position will enable the 
corresponding interrupt source and a zero will disable 
the source. The hardware will save any interrupts that 
occur by setting bits in the pending register, even if the 
interrupt mask bit is cleared. The INT _MASK 
regis- 
ter also can be accessed as the lower eight bits of the 


PSW so the PUSHF and POPF instructions save and 
restore the INT_MASK 
register as well as the global 
interrupt lockout and the arithmetic flags. 


The processing of all interrupts 
can be disabled by 
clearing the I bit in the PSW. Setting the I bit will 
enable interrupts that have mask register bits which are 
set. The I bit is controlled by the EI (Enable Interrupts) 
and DI (Disable Interrupts) instructions. Note that the 
I bit only controls the actual servicing of interrupts. 
Interrupts that occur during periods of lockout will be 
held in the pending register and serviced on a priori- 
tized basis when the lockout period ends. 


The priority encoder looks at all of the interrupts which 
are both pending and enabled, and selects the one with 
the highest priority. The priorities are shown in Figure 
22 (7 is highest, 0 is lowest). The interrupt generator 
then forces a call to the location in the indicated vector 
location. This location would be the starting location of 
the Interrupt Service Routine (ISR). 


Interrupt service routines must share some data with 
other routines. Whenever the programmer 
is coding 
those sections of code which access these shared pieces 
of data, great care must be taken to ensure that the 
integrity of the data is maintained. Consider clearing a 
bit in the interrupt pending register as part of a non-in- 
terrupt routine: 
LDB 
AL,INT_PENDING 
ANDB AL, #bitmask 
STB 
AL,INT_PENDING 


This code works if no other routines are operating con- 
currently, but will cause occasional but serious prob- 
lems if used in a concurrent environment. (All pro- 
grams which make use of interrupts must be considered 
to be part of a concurrent environment). These prob- 
lems can be avoided by assuring mutual 
exclusion 
which basically means that if more than one routine 
can change a variable, then the programmer must en- 
sure exclusive access to the variable during the entire 
operation on the variable. 


In many cases the instruction set of the 8098 allows the 
variable to be modified with a single instruction. The 
code in the above example can be implemented with a 
single instruction. 


Interrupts are not always acknowledged immediately. 
If the interrupt signal does not occur prior to 4 state- 
times before the end of an instruction, the interrupt will 
not be acknowledged until after the next instruction has 
been executed. This is because an instruction is fetched 
and prepared for execution a few state times before it is 
actually executed. 


There are 6 instructions which always inhibit interrupts 
from being acknowledged until after the next instruc- 
tion has been executed. These instructions are: 
EI, 01 
Enable and Disable Interrupts 
POPF, PUSHF Pop and Push Flags 
SIGND 
Prefix to perform signed multiply and 
divide (Note that this is note an ASM- 
96 Mnemonic, but is used for signed 
multiply and divide) 
TRAP 
Software Interrupt 


When 
an interrupt 
is acknowledged, 
the interrupt 
pending bit is cleared, and a call is forced to the loca- 
tion indicated by the specified interrupt vector. This 
call occurs after the completion of the instruction in 
process, except as noted above. The procedure of get- 
ting the vector and forcing the call requires 21 state 
times. If the stack is in external RAM an additional 3 
state times are required. 


The maximum number of state times required from the 
time an interrupt is generated (not acknowledged) until 
the 8098 begins executing code at the desired location is 
the time of the longest instruction, NORML (Normal- 
ize_ 42 state times), plus the 4 state times prior to the 
end of the previous instruction, plus the response time 
(21 to 24 state times). Therefore, the maximum re- 
sponse time is 70 (42 + 4 + 24) state times. This does 
not include the 12 state times required for PUSHF if it 
is used as the first instruction in the interrupt routine or 
additional 
latency 
caused by having 
the 
interrupt 
masked or disabled. Refer to Figure 25, Interrupt Re- 
sponse Time, to visualize an example of worst case sce- 
nario. 


Interrupt latency time can be reduced by careful selec- 
tion of instructions in areas of code where interrupts 
are expected. Using "EI" followed immediately by a 
long instruction 
(e.g. MUL, NORML, 
etc.) will in- 
crease the maximum latency by 4 state times, as an 
interrupt cannot occur between EI and the instruction 
following EI. The "01", 
"PUSHF", 
"POPF" 
and 
"TRAP" 
instructions will also cause the same situa- 
tion. Typically the PUSHF, POPF and TRAP instruc- 
tions would only effect latency when one interrupt rou- 
tine is already in process, as these instructions are sel- 
dom used at other times. 


----·..--21--3-~12- 


( 
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.J-s-ET-------------lcLEARED 


I. 
70STATE 
TIl.4ES--------...j 


;).U I IMcn;:, 


Two 16-bit timers are available for use on the 8098. The 
first is designated "Timer I", the second, "Timer 2". 
Timer 1 is used to synchronize events to real time. 


Timer 1 is clocked once every eight state times and can 
be cleared only by executing a reset. The only other 
way to change its value is by writing to OOOCHbut this 
is a test mode which sets both timers to OFFFXH and 
should not be used in programs. 


Timer 2 can be incremented by transitions (one count 
each transition, rising and falling) on HSI.1. The func- 
tionality of the timer is determined by the state of I/O 
Control Register 0, bit 7 (IOCO.7). To ensure that all 
CAM entries are checked each count of Timer 2, the 
maximum transition speed is limited to once per eight 
state times. Timer 2 can be cleared by: executing a reset 
by setting lOCO.1, by triggering HSO channel OEH, or 
by pulling HSI.O high. The HSO and CAM are de- 
scribed in Section 7 and 8. IOCO.3 and ICOO.5 control 
the resetting of Timer 2. Figure 26 shows the different 
ways of manipulating Timer 2. 


Both Timer 1 and Timer 2 can be used to trigger a 
timer overflow interrupt and set a flag in the I/O Status 
Register 
1 (IOSI). The interrupts 
are controlled by 
IOC1.2 and IOC1.3 respectively. The flags are set in 
10S1.5 and IOS1.4, respectively. 


Caution must be used when examining the flags, as any 
access (including Compare and Jump on Bit) of 10SI 
clears bits 0 through 5 including the software timer 
flags. It is, therefore, recommended to write the byte to 
a temporary register before testing bits. The general en- 
abling and disabling of the timer interrupts are con- 
trolled by the Interrupt Mask Register bit O.In all cas- 
es, setting a bit enables a function, while clearing a bit 
disables it. 


HSO#14 


lOCO. 1 


The High Speed I/O unit is coupled to the timers in 
that the HSI records the value on Timer 1 when tran- 
sitions occur and the HSO causes transitions to occur 
based on values of either Timer I or Timer 2. 


A complete listing of the functions ofIOSI, 
lOCO and 
lOCI are in Section 11. 


The High Speed Input Unit (HSI), can be used to rec- 
ord the time at which an event occurs with respect to 
Timer 
1. There are 4 lines (HSI.O through 
HSI.3) 


which can be used in this mode and up to a total of 8 
events can be recorded. HSI.2 and HSI.3 are bidirec- 
tional pins which can also be used as HSOA 
and 


HSO.5. The I/O Control Registers (lOCO and lOCI) 
are used to determine the functions of these pins. A 
block diagram of the HSI unit is shown in Figure 27. 


FIFO 
INTERRUPT 


CONTR~ LOGIC1 


~LO 


~OHI 
~RLOL- 


+ 
+ 


.111U1111U1J1J' 
EVERYEIGHTHPOSITIVE 
TRANSITION 


the 8 transition mode is used, in which case it is I 
transition per state time. The divide by eight counter 
can only be zeroed in mid-count by performing a hard- 
ware reset on the 8098. 
There are 4 possible modes of operation for each of the 
HSI pins. The HSI mode register is used to control 
which pins will look for what type of events. The 8-bit 
register is setup as shown in Figure 28. 
Ths HSI lines can be individually enabled and disabled 
using bits in lOCO, at location OOI5H.Figure 29 shows 
the bit locations which control the HSI pins. If the pin 
is disabled, transitions will not be entered in the FIFO. 


High and low levels each need to be held for at least I 
state time to ensure proper operation. The maximum 
input speed is I event every 8 state times except when 


T2RST --0 
._.IOCO.S 
£ 


:>'0-0 A~----T2 
RESET 


~. 
• -. 
IOCO.3 
; _. IOCO.O 


HSI.O 
~--------HSI 


• _. IOCO.2 


ro"-o-------HSI 


HSI.l 
~~-------T1MER2 


T2CLK --0 
:_.IOCO.7 
CLOCK 


; -. 
lOCOA 
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HSI.O MODE 


HSI.1 MODE 


HSI.2 MODE 


HSI.3 MODE 


WHERE EACH 2 - BIT MODE CONTROL FIELD 
DEFINESONE OF 4 POSSIBLE MODES: 


00 
8 POSITIVETRANSITIONS 
01 
EACH POSITIVETRANSITION 
10 
EACH NEGATIVETRANSITION 
11 
EVERYTRANSITION 
(POSITIVE AND NEGATIVE) 


When an HSI event occurs, a 7 X 20 bit FIFO stores 
the 16 bits of Timer 1 and the 4 bits indicating which 
pins had events. In can take up to 8 state times for this 
information to reach the holding register. For this rea- 
son, 8 state times must be allowed between consecutive 
reads of HSI_ TIME. When the FIFO is full, one addi- 
tional event, for a total of 8 events, can be stored by 
considering the holding register part of the FIFO. If the 
FIFO 
and holding register are full, any additional 
events will not be recorded. 


Interrupts can be generated by the HSI unit in three 
ways; two FIFO related interrupts and 0 to 1 tran- 
sitions on the HSI.O pin. The HSI.O pin can generate 
interrupts even if it is not enabled to the HSI FIFO. 
Interrupts generated by this pin cause a vector through 
location 2008H. The FIFO related interrupts are con- 
trolled by bit 7 of I/O Control Register 1, (IOC1.7). If 
the bit is a 0, then an interrupt will be generated every 
time a value is loaded into the holding register. If it is a 
1, an interrupt will only be generated when the FIFO, 
(independent of the holding register), has six entries in 
it. Since all interrupts 
are rising edge triggered, if 
IOC1.7 = 1, the processor will not be re-interrupted 
until the FIFO first contains 5 or less records, then 
contains six or more. 


Bits 6 and 7 of the I/O Status register 1 (IOSl) indicate 
the status of the HSI FIFO. If bit 6 is a I, the FIFO 
contains at least six entries. If bit 7 is a 1, the FIFO 
contains at least 1 entry and the HSI holding register 
has data available to be read. The FIFO may be read 


after verifying that it contains valid data. Caution must 
be used when reading or testing bits in 10Sl, as this 
action clears bits 0-5, including the software and hard- 
ware timer overflow flags. It is best to store the byte 
and then test the stored value. See Section 11. 


Reading the HSI is done in two steps. First, the HSI 
Status register is read to obtain the current state of the 
HSI pins and which pins had changed at the recorded 
time. The format of the HSI_ST ATUS Register is 
shown in Figure 30. Second, the HSI Time register is 
read. Reading the Time register unloads one level of the 
FIFO, so if the Time register is read before the Status 
register, the event information in the Status register will 
be lost. The HSI Status register is at location 06H and 
the HSI Time registers are in locations 04H and 05H. 


If the HSL 
Time register is read without the holding 
register being loaded, the returned value will be indeter- 
minate. Under the same conditions, the four bits in 
HSI_ST ATUS indicating which events have occurred 
will also be indeterminate. The four HSI_ST ATUS bit 
which indicate the current state of the pins will always 
return the correct value. 


It should be noted that many of the Status register con- 
ditions are changed by a reset, see Section 13. A com- 
plete listing of the functions of 10SO, 10Sl and lOCI 
can be found in Section 11. 


LOCATION 
oeH 


~ 


'543210 


HSI.O STATUS 


H81.1 STATUS 


H81.2 STATUS 


H81.3STATUS 
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The High Speed Output unit, (HSO), is used to trigger 
events at specific times with minimal CPU overhead. 
These events include: starting an A to D conversion, 
resetting Timer 2, setting 4 software flags, and switch- 
ing 6 output lines (HSO.Othrough HSO.5). Up to eight 
events can be pending at one time and interrupts can be 
generated whenever any of these events are triggered 
HSO.4 and HSO.5 are bidirectional pins which can also 
be used as HSI.2 and HSI.3 respectively. Bits 4 and 6 of 
I/O 
Control 
Register 
I, (IOC1.4, 
IOC 1.6), enable 
HSO.4 and HSO.5 as outputs. 


The HSO unit can generate two types of interrupts. The 
HSO execution interrupt (vector = 2006H) is generat- 
ed (if enabled) for HSO commands which operate one 
or more of the six output pins. The other HSO inter- 
rupt is the software timer interrupt (vector = (200BH) 
which is generated (if enabled) by any other HSO com- 
mand, (e.g. triggering the AID, resetting Timer 2 or 
generating a software time delay.) 


A block diagram of the HSO unit is shown in Figure 
31. The Content Addressable Memory (CAM) file is 
the center of control. One CAM register is compared 


with the timer values every state time, taking 8 state 
times to compare all CAM registers with the timers. 
This defines the time resolution of the HSO to be 8 
state times (2.0 
fLs at an oscillator frequency of 12 
MHz). 


Each CAM register is 23 bits wide. Sixteen bits specify 
the time at which the action is to be carried out and 7 
bits specify both the nature of the action and whether 
Timer I or Timer 2 is the reference. 


The format of the command to the HSO unit is shown 
in Figure 32. Note that bit 5 is ignored for command 
channels 8 through OFH. 


To enter a command into the CAM file, write the 7-bit 
"Command Tag" into location 0006H followed by the 
time at which the action is to be carried out into word 
address 0004H. The typical code would be: 
LDB 
HSO_COMMAND, 
#what_to_do 
ADD 
HSO_TIME, 
TIMERI, 
#when_to_do_it 


Writing the time value loads the HSO Holding Register 
with both the time and the last written command tag. 
The command does not actually enter the CAM file 
until an empty CAM register becomes available. 


T2CLK 


T2RST 


Commands in the holding register will not execute even 
if their time tag is reached. Commands must be in the 
CAM for this to occur. Commands in the holding regis- 
ter can also be overwritten. Since it can take up to 8 
state times for a command to move from the holding 
register to the CAM, 8 states must be allowed between 
successive writes to the CAM. 


To provide proper synchronization, the minimum time 
that should be loaded to Timer 1 is Timer 1 + 2. 
Smaller values may cause the Timer match to occur 
65,636 counts later than expected. A similar restriction 
applies if Timer 2 is used. 


Care must be taken when writing the command tag for 
the HSO. If an interrupt occurs during the time be- 
tween writing the command tag and loading the time 
value, and the interrupt service routine writes to the 
HSO time register, the command tag used in the inter- 
rupt routine will be written to the CAM at both the 
time specified by the interrupt 
routine and the time 
specified by the main program. The command tag from 
the main program will not be executed. One way of 
avoiding this problem would be to disable interrupts 
when writing commands and times to the HSO unit. 
See also Section 4.5. 


CHANNEL: 
0-5 
HSO.O - 
HSO.5 


BIT: 
0 
] 
6 
HSO.O 
AND 
HSO.l 


7 
HSO.2 
AND 
HSO.3 


8-B 
SOFTWARE 
TIMERS 


2 
E 
RESET TIMER2 


3 
r 
START AID 
CONVERSION 


4 
INTERRUPT I NO INTERRUPT 


5 
SET I CLEAR 


6 
TIMER 
2/TIMER 
1 


7 
X 


Before writing to the HSO, it is desirable to ensure that 
the Holding Register is empty. If it is not, writing to the 
HSO will overwrite the value in the Holding Register. 
I/O Status Register ° (IOSO) bits 6 and 7 indicate the 
status of the HSO unit. This register is described in 
Section 1I. IF ISOO.6 equals 0, the holding register is 
empty and at least one CAM register is empty. If 
IOSO.7 equals 0, the holding register is empty. 


The programmer should carefully decide which of these 
two flags is the best to use for each application. 


All 8 CAM locations of the HSO are compared before 
any action is taken. This allows a pending external 
event to be cancelled by simply writing the opposite 
event to the CAM. However, once an entry is placed in 
the CAM, it cannot be removed until either the speci- 
fied timer matches the written value or the chip is reset. 
If, as an example, a command has been issued to set 
HSO.l when TIMER 1 = 1234, then entering a second 
command which clears HSO.I when TIMER 1 = 1234 
will result in no operation on HSO. I. Both commands 
will remain in the CAM until TIMER I = 1234. 


Internal events are not synchronized to Timer 1, and 
therefore cannot be cleared. This includes events on 
HSO channels 8 through F and all interrupts. 


Timer 1 is incremented only once every 8 state-times. 
When it is being used as the reference timer for an HSO 
action, the comparator has a chance to look at all 8 
CAM registers before Timer 1 changes its value. Fol- 
lowing the same reasoning, Timer 2 has been synchro- 
nized to allow it to change at a maximum rate of once 
per 8 state-times. Timer 2 increments on both edges of 
the input signal. 


When using Timer 2 as the HSO reference, caution 
must be taken that Timer 2 is not reset prior to the 
highest value for a Timer 2 match in the CAM. This is 
because the HSO CAM will hold an event pending until 
a time match occurs, if that match is to a time value on 
Timer 2 which is never reached, the event will remain 
pending in the CAM until the part is reset. 


Additional caution must be used when Timer 2 is being 
reset using the HSO unit, since resetting Timer 2 using 
the HSO is an internal event and can therefore happen 
at any time within the eight-state-time window. This 
situation arises when the event is set to occur when 
Timer 2 is equal to zero. If HSI.O or the T2RST pin is 
used to clear Timer 2, and Timer 2 equal to zero trig- 
gers the event, then the event may not occur. This is 
because HSI.O and T2RST clear Timer 2 asynchro- 
nously, and Timer 2 may then be incremented to one 
before the HSO CAM entry can be read and acted 
upon. This can be avoided by setting the event to occur 
when Timer 2 is equal to one. This method will ensure 
that there is enough time for the CAM entry recogni- 
tion. 


The /iame asynchronous nature can affect scheduled to 
occur a.t the same time as an internal Timer 2 reset. 
These events should be logged into the CAM with a 
Timer 2 value of zero. When using this method to make 
a programmable modulo counter, the count will stay at 
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the maximum Timer 2 value only until the Reset T2 
command is recognized. The count will stay at zero for 
the transition 
which would have changed the count 
from "N" to zero, and then changed to a one on the 
next transition. 


The HSO can be programmed to generate interrupts at 
preset times. Up to four such "Software Timers" can be 
in operation at a time. As each preprogrammed time is 
reached, the HSO unit sets a Software Timer Flag. If 
the interrupt bit in the command tag was set then a 
Software Timer Interrupt will also be generated. The 
interrupt service routine can then examine I/O Status 
register I (IOSI) to determine which software timer 
expired and caused the interrupt. When the HSO resets 
Timer 2 or starts an A to D conversion, it can also be 
programmed to generate a software timer interrupt but 
there is no flag to indicate that this has occurred. 


Each read or test of any bit in 10SI will clear bits 0 
through 5. Be certain to save the byte before testing it 
unless you are only concerned with I bit. See also Sec- 
tion 11.5. 


A complete listing of the functions of 10SO, 10SI and 
lOCI can be found in Section II. The Timers are de- 
scribed in Section 5 and the HSI is described in Section 
6. 


The 8098 can easily interface to analog signals using its 
Analog to Digital Converter and its Pulse-Width-Mod- 
ulated (PWM) output and HSO Unit. Analog inputs 
are accepted by the 8-input, IO-bit A to D converter. 
The PWM and HSO units provide digital signals which 
can be filtered for use as analog outputs. 


The on-chip analog-to-digital 
aquisition system is a 
monotonic successive approximation converter with the 
sample and hold, multiplexer, and D/ A ladder circuits 
built into the silicon. This system can multiplex up to 
eight channels of conversion to 10 bits of resolution 
(1024 unique codes). It has a fixed conversion time of 
88 state times which includes the 4 state time sample 
window. With a 12 MHz clock the conversion would 
take 22 /Ls, of which one microsecond was the sample 
window. The sample window period begins 4 state 
times after the conversion is triggered. A 2 pF capaci- 
tance is charged from the input signal during this sam- 


pie window period. The D/ A is comprised of a 256 
resistor 
ladder 
which 
provides 
± 4 analog 
LSB's 
(±20 
mY) of absolute error, and uses ratioed capaci- 
tors to capacitively interpolate the result to 10 digital 
LSB's (5 mY) of resolution. This result is the ratio of 
the 
input 
voltage 
and 
the 
analog 
supply 
voltage 
(VREF). If the ratio of this comparison is 1.00, then the 
result will be a la-bit value will all bits set to logical 
one. This is particularly advantageous when used with 
ratiometric sensors which output proportional signals 
based on the VREF. 


In many applications it is less critical to record the 
absolute accuracy of an input, than it is to resolve that 
some determinable change has occurred. This is an ac- 
ceptable approach as long as the converter is guaran- 
teed to be monotonic and has no missing codes, as is 
the case for the 8098. This means that increasing input 
voltages produce adjacent and unique output codes that 
are also increasing. Decreasing input voltages are guar- 
anteed to produce adjacent and unique output codes 
that are also decreasing. There exists on the 8098 for 
each 10 bit output code a unique input voltage range 
that produces that code only, with a repeatability of 
typically ±0.25 LSB's (1.5 mY). 


The MSC-96 datasheet guarantees that the maximum 
Differential Non-Linearity will be 2 LSB, or 10 mV 
(the minimum is zero). Differential non-linearity speci- 
fies the maximum difference between the actual code 
widths seen in a converter and what those code widths 
would be in an ideal (perfect) converter. In the MCS-96 
10bit converter, the code widths are ideally 5 mV (5.12 
VREF/1024). If such a converter is specified to have a 
maximum Differential Non-Linearity of 10 mY, then 
the maximum 
code width will be no greater than 
10mV larger than ideal, or 15mY. This indicates to the 
user how much the input voltage may have changed 
under worst case conditions to produce a one count 
change in a particular 
la-bit conversion. Due to the 
fact that the 8098 converter has no missing codes, the 
minimum code width will always be greater than zero. 
The differential non-linearity error on a particular code 
width is compensated for by other code widths in the 
transfer function such that 1024 unique steps occur. 
The actual code widths in the 8098 converter typically 
vary from about 2.5 mV to 7.5 mY. 


The analog input must be in the range of zero to VREF 
(nominally, VREF = 5Y). This input can be selected 
from 8 analog inputs which connect to the same pins as 
PORT O.A conversion can be initiated either by setting 
the control bit in the AID Command Register (Ad- 
dress 02Hex), or by programming the High Speed Out- 
put CAM to trigger the conversion at some specified 
time with sampling intervals occurring 
accurate 
to 
± 50 ns. (See AP 406 "MCS-96 Analog Aquisition 
Primer" and the datasheet for further information). 
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Analog signals can be sampled by anyone 
of the 8 
analog input pins (ACHO through ACH7) which are 
shared with Port O.ACH7 can also be used as an exter- 
nal interrupt if IOCl.l 
is set (see Sections 4 and 11). 


The AID Command Register, at location 02H, selects 
which channel is to be converted and whether the con- 
version should start immediately or when the HSO trig- 
gers it. The AID command register must be written to 
for each conversion, even if the HSO is used as the 
trigger. A to D commands are formatted as shown in 
Figure 33. 


The command register is double buffered so it is possi- 
ble to write a command to start a conversion triggered 
by the HSO while one is still in progress. Care must be 
taken when this is done since if a new conversion is 


started while one is already in progress, the conversion 
in progress is cancelled and the new one is started. 
When a conversion is started, 
the result register is 
cleared. For this reason the result register must be read 
before a new conversion is started or data will be lost. 


Results of the analog conversions are read from the 
AID Result Register at locations 02H and 03H. Al- 
though these addresses are on a word boundary, they 
must be read as individual bytes. Information in the 
AID Result register is formatted as shown in Figure 
34. Note that the status bit may not be set until 8 state 
times after the go command, so it is necessary to wait 8 
state times before testing it. Information on using the 
HSO is in Section 7. 


CHANNEL 
/I SELECTS 
WHICH 
OF THE 8 ANALOG 
INPUT 


CHANNELS 
IS TO BE CONVERTED 
TO DIGITAL 
FORM; 


GO INDICATES 
WHEN THE CONVERSION 
IS TO BE 
INITIATED 
(GO = 1 MEANS 
START 
NOW, GO = 0 
MEANS 
THE CONVERSION 
IS TO BE INITIATED 


BY THE HSO UNIT AT A SPECIFIED 
nME). 


AID 
RESULT 
REGISTER 


(LOCATION 
03H) 
(LOCATION 
02H) 


AID CHANNEL 
NUMBER 


STATUS 
o = AID CURRENTLY 
IDLE 
1 = CONVERSION 
IN PROCESS 


AID RESULT: 


LEAST 
SIGNIFICANT 
2 BITS 


MOST SIGNIFICANT 
BYTE 
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8.4 Pulse Width Modulation Output 
(D/A) 


Digital to analog conversion can be done with the Pulse 
Width Modulation output; a block diagram of the cir- 
cuit is shown in Figure 35. The 8-bit counter is incre- 
mented every state time. When it equals 0, the PWM 
output is set to a one. When the counter matches the 
value in the PWM register, the output is switched low. 
When the counter overflows. the output is once again 
switched high. A typical output waveform is shown in 
Figure 36. Note that when the PWM register equals 00. 
the output is always low. Additionally, the PWM regis- 
ter will only be reloaded from the temporary 
latch 
when the counter overflows. This means that the com- 
pare circuit will not recognize a new value to compare 


against until the counter has expired the remainder of 
the current 8-bit count. 


The output waveform is a variable duty cycle pulse 
which repeats every 256 state times (64/-Ls at 12 MHz). 
Changes in the duty cycle are made by writing to the 
PWM register at location 17H. There are several types 
of motors which require a PWM waveform for most 
efficient operation. Additionally, if this waveform is in- 
tegrated it will produce a DC level which can be 
changed in 256 steps by varying the duty cycle. 


The PWM output shares a pin with Port 2, pin 5 so 
that these two features cannot be used at the same time. 
IOCI.O equal to I selects the PWM function instead of 
the standard port function. More information on lOCI 
is in Section II. 


DUTY 
PWM CONTROL 
CYCLE 
REGISTER 
VALUE 
OUTPUT 
WAVEFORM 


0% 
00 
HI 
LO 


10% 
25 
~~Jl 
n 
n 


50% 
128 
HI 


LO 


110% 
230 
HI -.J 
U 
U 
LO 


".8% 
255 
HI 


LO 
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Figure 36. Typical PWM Outputs 


The HSO unit can be used to generate PWM wave- 
forms with very little CPU overhead. If the HSO is not 
being used for other purposes, a 4 line PWM unit can 
be made by loading the on and off times into the CAM 
in sets of 4. The CAM would then always be loaded and 
only 2 interrupts per PWM period would be needed. 
An example of using the HSO in their manner can be 
found AP-248, "Using the 8096". 


The serial port on the 8098 has 3 asynchronous and one 
synchronous mode. The asynchronous modes are full 
duplex, meaning they can transmit and receive at the 
same time. The receiver is double buffered so that the 
reception of a second byte can begin before the first 
byte has been read. The port is functionally compatible 
with the serial port on the MCS-51 family ofmicrocon- 
trollers, althrough 
the software used to control the 
ports is different. 


Control of the serial port is handled through the Serial 
Port Control/Status 
Register at location II Hex. Fig- 
ure 40 shows the layout of this register. 


Data to and from the serial port is transferred through 
SBUF (rx) and SBUF (tx), both located at 07H. AI- 


though these registers share the same address, they are 
physically separate, with SBUF (rx) containing the data 
received by the serial port and SBUF (tx) used to hold 
data ready for transmission. The program cannot write 
to SBUF (rx) or read from SBUF (tx). 


The baud rate at which the serial port operates is con- 
trolled by an independent baud rate generator. The in- 
put to this generator is from the XTALl pin. Details on 
setting up the baud rate are given in Section 9.3. 


Mode 0 is a synchronous mode which is commonly 
used for shift register based I/O 
expansion. In this 
mode the TXD pin outputs a set of 8 pulses while the 
RXD pin either transmits or receives data. Data is 
transferred 8 bits at a time with the LSB first. A dia- 
gram of the relative timing of these signals is shown in 
Figure 37. Note that this is the only mode which uses 
RXD as an output. 


Although it is not possible to transmit and receive at 
the same time using this mode, two external gates and a 
port pin can be used to time-multiplex the two func- 
tions. 


TXD """u """lJ """u """u """u """u """lJ """U 


~r--\r--\r-->r-->r-->r-->r--\r--\,.......,.......r-->,.......,.......r-->r-->~ 
VALID 
VAUD 
VALID 
VAUD 
VAUD 
VAUD 
VALID 
VALID 


....J'"-.J'"-.J'"-.J'"-.J'"-.J\-J\-J\-J\....J\.....J\-JI.-J\-JI.-JI.-J\..- 


Mode 1 is the standard asynchronous communications 
mode. The data frame used in this mode is shown in 
Figure 38. It consists of 10 bits; a start bit (0), 8 data 
bits (LSB first), and a stop bit (1). If parity is enabled, 
(the PEN bit is set to a 1), an even parity bit is sent 
instead of the 8th data bit and parity is checked on 
reception. 


Mode 2 is the asynchronous 9th bit recognition mode. 
This mode is commonly used with Mode 3 for multi- 
processor communications. Figure 39 shows the data 
frame used in this mode. It consists of a start bit (0), 9 
data bits (LSB first), and a stop bit (1). When transmit- 
ting, the 9th bit can be set to a one by setting the TB8 
bit in the control register before writing to SBUF (tx). 
The TB8 bit is cleared on every transmission, so it must 
be set prior to writing to SBUF (tx) each time it is 
desired. During reception, the serial port interrupt and 
the Receive Interrupt (RI) bit will not be set unless the 
9th bit being received is set. This provides an easy way 
to have selective reception on a data link. Parity cannot 
be enabled in this mode. 


Mode 3 is the asynchronous 9th bit mode. The data 
frame for this mode is identical to that of Mode 2. The 
transmission differences between Mode 3 and Mode 2 
are that parity can be enabled (PEN = 1) and cause 
the 9th data bit to take the even parity value. The TB8 
bit can still be used if parity is not enabled (PEN = 0). 
When in Mode 3, a reception always causes an inter- 
rupt regardless of the state of the 9th bit. The 9th bit is 
stored if PEN = 0 and can be read in bit RB8. If PEN 
= 
I then RB8 becomes the Receive Parity 
Error 
(RPE) flag. 


Control of the serial port is done through the Serial 
Port 
Control 
(SP_CON) 
and 
Serial 
Port 
Status 
(SP_STAT) 
registers shown in Figure 40. Writing to 
location IIH accesses SP_CON 
while reading it access 
SP_STAT. 
Note that reads ofSP_STAT 
will return 
indeterminate data in the lower 5 bits and writing to the 
upper 3 bits of SP_CON 
has no effect on chip func- 
tionality. The TB8 bit is cleared after each transmission 
and both TI and RI are cleared whenever SP_STAT 
(not SP_CON) 
is accessed. Whenever the TXD pin is 
used for the serial port it must be enabled by setting 
IOCI.5 to a 1. lOCI 
is discussed further in Section 
11.3. 


HlITS OF DATA 


PROGRAMMABLE 
Int 
BIT 
--- 


11·BIT FRAME 


intJ 


SP_STAT 


(READ 
ONLY) 
SP_CON 


(WRITE 
ONLY) 


1t2. Ml 
SPECIFIES 
THE MOOE; 


0.0 
z MOOEO 
0.1 
z MODE' 
1.0 
z MODE 2 
1.1 
= MOOE3 


PEN 
ENAIILE 
THE PAlmy 
FUNCTION 
(EVEN PA ••ITY), 


"EN 
ENAIILES 
THE ••ECEIVE FUNCTION; 


Till 
P••OG ••AMS THE ITH DATA lilT (IF NOT PA ••ITY) ON 
T••ANSMISSION; 
TI 
IS THE T••ANSMIT INTE ••••UPT FLAG; 


••Ill 
IS THE ITH DATA lilT ••ECEIVED (IF HOT PA ••ITY); 


••PE 
IS THE PA"ITY 
E••••O•• INDICATO •• (IF PA ••ITY ACTIVE), 
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In Mode 0, ifREN = I, writing to SBUF (tX)will start 
a transmission. Causing a rising edge on REN, or clear- 
ing RI with REN = I, will start a reception. Setting 
REN = 0 will stop a reception in progress and inhibit 
further receptions. To avoid a partial or complete un- 
dersired reception, REN must be set to zero before RI 
is cleared. This can be handled in an interrupt environ- 
ment by using software flags or in straight-line code by 
using the Interrupt Pending register to signal the com- 
pletion of a reception. 


In the asynchronous modes, writing to SBUF (tx) starts 
a transmission. A falling edge on RXD will begin a 
reception if REN is set to I. New data placed in SBUF 
(tx) is held and wilJ not be transmitted until the end of 
the stop bit has been sent. 


In all modes, the RI flag is set after the last data bit is 
sampled approximately in the middle of the bit time. 
Also for all modes, the TI flag is set after the last data 
bit (either 8th or 9th) is sent, also in the middle of the 
bit time. The flags clear when SP_STAT 
is read, but 
do not have to be clear for the port to receive or trans- 
mit. The serial port interrupt bit is set as a logical OR 
of the RI and TI bits. Note that changing modes wilJ 
reset the Serial Port and abort any transmission or re- 
ception in progress on the channel. 


Baud rates in all modes are determined by the contents 
of a 16-bit register at location OOOEH.This register 
must be loaded sequentially with 2 bytes (least signifi- 
cant byte first). The serial port wilJ not function be- 
tween the loading of the first and second bytes. The 
MSB of this register equal to a logic one selects the 
source (XTAL I) for the input frequency to the baud 
rate generator. 


The unsigned integer represented by the lower 15 bits 
of the baud rate register dermes a number B, where B 
has a maximum value of 32767. The baud rate for the 
four serial modes using XTALI is given by Figure 41. 


Using XTAL1: 
Baud 
XTALI Frequency 
Mode 0: -- 
= ------. 
B * 0 
Rate 
4·(B + I) 


Baud 
XTALI Frequency 
Others: -- 
= ------- 
Rate 
64·(B + I) 


Note that B cannot equal 0, except when using 
XTALI in other than Mode O. 


inter 


Common baud rate values,using XTALI at 12 MHz, 
are shown below. 


Baud 
Baud Register 
Value 
Rate 
Mode 0 
Others 


9600 
8137H 
8013H 
4800 
8270H 
8026H 
2400 
84E1H 
804DH 
1200 
89C3H 
809BH 
300 
A70FH 
8270H 


The maximum baud rates are 1.5 Mbaud synchronous 
and 
187.5 Kbaud 
asynchronous 
with 
12 MHz on 
XTALI. 


Mode 2 and 3 are provided for multiprocessor commu- 
nications. In Mode 2 if the received 9th data bit is not 
I, the serial port interrupt is not activated. The way to 
use this feature in multiprocessor systems is described 
below. 


When the master processor wants to transmit a block of 
data to one of several slaves, it first sends out an ad- 
dress frame which identifies the target slave. An ad- 
dress frame wil differ from a data frame in that the 9th 
data bit is I in an address frame and 0 in a data frame. 
No salve in Mode 2 will be interrupted by a data frame. 
An address frame, however, will interrupt all slaves so 
that each slave can examine the received byte and see if 
it is being addressed. The addressed slave switches to 
Mode 3 to receive the coming data frames, while the 
slaves that were not addressed stay in Mode 2 and go 
on about their business. 


There are 32 I/O port pins on the 8098. Some of these 
ports are input only, some are output only, some are 
bidirectional and some have alternate functions. In ad- 
dition to these ports, the HSI/O unit can be used to 
provide extra I/O lines if the timer related features of 
these lines are not needed. 


Input ports connect to the internal bus through an in- 
put buffer. Output ports connect through an output 
buffer to an internal register that hold the bits to be 
output. Bidirectional ports consist of an internal regis- 
ter, an input buffer and an output buffer. 


Port 0 is an input port which is also used as the analog 
input for the A to D converter. Port 2 contains input 
and output. The input and output lines are shared with 
other functions in the 8098 as shown in Figure 43. 
Ports 3 and 4 are open-drain bidirectional ports which 
share their pins with the address/data 
bus. 


Port 
Function 
Alternate 
Function 


P2.0 
Output 
TXD (Serial Port Transmit) 
P2.1 
Input 
RXD (Serial Port Receive) 
P2.2 
Input 
EXTINT (External 
Interrupt) 
P2.5 
Output 
PWM (Pulse Width Modulation) 


11.0 STATUS 
AND CONTROL 
REGISTERS 


There are two I/O Control registers, lOCO and lOCI. 
lOCO controls Timer 2 and the HSI lines. lOCI con- 
trols some pin functions, interrupt sources and 2 HSO 
pins. 


Whenever input lines are switched between two sourc- 
es, or enabled, it is possible to generate transitions on 
these lines. This could cause problems with respect to 
edge sensitive lines such as the HSI lines, Interrupt line 
and Timer 2 control lines. 


lOCO is located at OOI5H. The four HSI lines can be 
enabled or disabled to the HSI unit by setting or clear- 
ing bits in lOCO. Timer 2 functions including clock and 
reset sources are also determined by lOCO. The control 
bit locations are shown in Figure 44. 


HSI.O INPUT ENABLE / DISABLE 


TIt.lER 2 RESET EACH WRITE 


HSI.l 
INPUT ENABLE / DISABLE 


TIt.lER 2 EXTERNAL RESET ENABLE / DISABLE 


HSI.2 
INPUT ENABLE / DISABLE 


TIt.lER 2 RESET SOURCE HSI.O / T2RST 


HSI.3 
INPUT ENABLE / DISABLE 


TIt.lER 2 CLOCK SOURCE HSI.l 
/ T2CLK 
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lOCI is used to select some pin functions and enable or 
disable some interrupt sources. Its location is OOI6H. 
Port pin P2.5 can be selected to be the PWM output 
instead of a standard output. The external interrupt 
source can be selected to be either EXTINT (same pin 
as P2.2) or Analog Channel 7 (ACH7, same pin as 
PO.7). Timer I and Timer 2 overflow interrupts can be 
individually enabled or disabled. The HSI interrupt can 
be selected to activate either when there is I FIFO en- 
try or 7. Port pin P2.0 can be selected to be the TXD 
output. HSO.4 and HSO.5 can be enabled or disabled 
to the HSO unit. More information on interrupts 
is 


available in Section 4. The positions of the lOCI con- 
trol bits are shown in Figure 45. 


There are two I/O Status registers. 10SO and 10S\. 
10SO, located at OOl5H, holds the current status of the 
HSO lines and CAM. The status bits of 10SO are 
shown in Figure 46. 


o 
SELECT PWM / SELECT P2.5 


EXTERNAL INTERRUPT ACH7 / EXTINT 


2 
TIMER 1 OVERFLOW INTERRUPT ENABLE / DISABLE 


3 
TIMER 2 OVERFLOW INTERRUPT ENABLE / DISABLE 


4 
HSO.4 OUTPUT ENABLE / DISABLE 


SELECT TXD / SELECT P2.0 


HSO.5 OUTPUT ENABLE/ 
DISABLE 


HSI INTERRUPT 
rlFO 
FULL / -H-OL-D-IN-G-R-E-G-IS-TE-R-L-O-A-DE-D 


270652-34 


HSO.O CURRENT STATE 


HSO.1 CURRH'T STATE 


HSO.2 CURRENT STATE 


HSO.3 CURRENT STATE 


HSO.4 CURRENT STATE 


HSO.5 CURRENT STATE 


CAM QB HOLDING REGISTER IS FULL 


HSO HOLDING REGISTER IS FULL 


270652-35 


SOFTWARE TIMER 0 EXPIRED 


SOFTWARE TIMER 1 EXPIRED 


SOFTWARE TIMER 2 EXPIRED 


SOFTWARE TIMER 3 EXPIRED 


TIMER 2 HAS OVERFLOW 


TIMER 1 HAS OVERFLOW 


HSI FIFO IS FULL 


HSI HOLDING REGISTER DATA AVAILABLE 


270652-36 


10SI is located at 016H. It contains status bits for the 
timers and the HSI/O. The positions of these bits are 
shown in Figure 47. 


Whenever the processor reads this register all of the 
time-related flags (bits 5 through 0) are cleared. This 
applies not only to explicit reads such as: 


which jumps to somewhere else if bit 3 oflOS I is set. 
In most cases this situation can best be handled by hav- 
ing a byte in the register file which is used to maintain 
an image of lower five bits of the register. Any time a 
hardware timer interrupt or a HSO software timer in- 
terrupt occurs the byte can be updated: 


leaving 10SI image containing all the flags that were 
set before plus all the new flags that were read and 
cleared from 10S\. Any other routine which needs to 
sample the flags can safely check 10SI image. Note 
that if these routines need to clear the flags that they 
have acted on, then the modification of 10SI image 
must be done from inside a critical region (see Section 
4.4). 


inter 


The WatchDog Timer (WDT) provides a means to re- 
cover gracefully from a software upset. When the 
watchdog is enabled it will initiate a hardware reset 
unless the software clears it every 64K state times. 


The WDT is implemented as an 8-bit timer with an 
8-bit prescaler. The prescaler is not synchronized, so 
the timer will overflow between 65280 and 65535 state 
times after being reset. 


When the timer overflows it pulls down the RESET pin 
for at least two state times, resetting the 8098 and any 
other devices tied to the RESET line. If a large capaci- 
tor is connected to the line, the pin may take a long 
time to go low. This will effect the length of time the 
pin is low and the voltage on the pin when it is finished 
falling. The datasheet contains more information about 
reset hardware connections. 


The WDT is enabled the first time it is cleared. Once it 
is enabled, it can only be disabled by resetting the 8098. 
The internal bit which controls the watchdog can typi- 
cally maintain its state through power glitches as low as 
Vss and as high as 7.0V for up to 1 ms. 


Enabling and clearing the WDT is done by writing a 
"OlEH" followed by a "OEIH" to the WDT register at 
location OAH. This double write is used to help prevent 
accidental clearing of the timer. 


Glitches and noise on the PC board can cause software 
upsets, typically by changing either memory locations 
or the program counter. These changes can be internal 
to the chip or be caused by bad data returning to the 
chip. 


There are both hardware 
and software solutions to 
noise problems, but the best solution is good design 
practice and a few ounces of prevention. The software 
can be designed so that the WatchDog times out if the 
program does not progress properly. The WatchDog 
will also time-out if the software error was due to ESD 
(Electrostatic 
Discharge) 
or other hardware 
related 


problems. This prevents the controller from having a 
malfunction for longer than 16 ms if a 12 MHz oscilla- 
tor is used. 


When using the WDT to protect software it is desirable 
to reset if from only one place in code. This will lessen 
the chance that an undesired WDT reset will occur. 
The section of code that resets the WDT should moni- 
tor the other code sections for proper operation. This 
can be done by checking variables to make sure they 


are within reasonable values. Simply using a software 
timer to reset the WDT every 15 ms will not provide 
much protection against minor problems. 


It is also recommended that unused areas of code be 
filled with NOPs and periodic jumps to an error routine 
or RST (reset chip) instructions. This is particularly 
important in the code around lookup tables, since if 
lookup tables are executed undesired results will occur. 
Wherever space allows, each table should be surround- 
ed by 7 NOPs (the longest 8098 instruction has 7 bytes) 
and a RST or jump to error routine instruction. Since 
RST is a one-byte instruction, the NOPs are not needed 
if RSTs are used instead of jumps to an error routine. 
This will help to ensure a speedy recovery should the 
processor have a glitch in the program flow. Since RST 
instruction has an opcode of OFFH, pulling the data 
lines high with resistors will cause an RST to be execut- 
ed if unimplemented memory is addressed. 


The WatchDog should be disabled by software not ini- 
tializing it. If this is not possible, such as during pro- 
gram development, the WatchDog can be disabled by 
holding the RESET pin at 2.0V to 2.5V. Voltages over 
2.5V on the pin could quickly damage the part. Even at 
2.5V, using this technique for other than debugging 
purposes is not recommended, as it may effect long 
term reliability. It is further recommended that any· 
part used in this way for more than several seconds, not 
be used in production versions -of products. The data- 
sheet has more information on disabling the WatchDog 
Timer. 


As with all processors, the 8098 must be reset each time 
the power is turned on. This is done by holding the 
RESET pin low for at least 2 state times after the power 
supply is within tolerance and the oscillator has stabi- 
lized. 


After the RESET pin is brought high, a ten state reset 
sequence is executed. During this time, the Chip Con- 
figuration Byte (CCB) is read from location 2018H and 
written 
to 
the 
8098 Chip 
Configuration 
Register 
(CCR). If the voltage on the EA pin selects the inter- 
naVexternal execution mode the CCB is read from in- 
ternal ROM/EPROM. 
If the voltage on the EA pin 
selects the external execution only mode the CCB is 
read from external memory. 


inter 


The 8098 can be reset using a capacitor, 
I-shot, 
or any 
other 
method 
capable 
of providing 
a pulse of at least 2 
state times longer 
than required 
for Vcc and the oscil- 
lator 
to stabilize. 


For best functionality, 
it is suggested 
that the reset pin 
be pulled 
low with 
an open 
collector 
device. 
In this 
way, several 
reset sources 
can be wired ORed 
together. 
Remember, 
the RESET 
pin itself can be a reset source 
when 
the 
RST 
instruction 
is executed 
or 
when 
the 
WatchDog 
Timer 
overflows. 
Details 
of hardware 
sug- 
gestions 
for reset can be found 
in the datasheet. 


The 
I/O 
lines and control 
lines of the 8098 will be in 
their 
reset state 
within 
2 state 
times after 
reset is low, 
with 
Vcc and 
the 
oscillator 
stabilized. 
Prior 
to that 
time, the status 
of the I/O 
lines is indeterminate. 
After 
the 
10 state 
time reset 
sequence, 
the Special 
Function 
Registers 
will be set as follows: 


Register 
Reset Value 


Port 2 
XXOXXXX1B 
Port 3 
11111111B 
Port 4 
11111111B 
PWMControl 
OOH 
Serial Port (Transmit) 
Undefined 
Serial Port (Receive) 
Undefined 
Baud Rate Register 
Undefined 
Serial Port Control 
XXXXOXXXB 
Serial Port Status 
XOOXXXXXB 
AID Command 
Undefined 
AID Result 
Undefined 
Interrupt Pending 
Undefined 
Interrupt Mask 
OOOOOOOOB 
Timer 1 
OOOOH 
Timer 2 
OOOOH 
WatchDog Timer 
OOOOH 
HSI Mode 
11111111B 
HSI Status 
Undefined 
10SO 
OOOOOOOOB 
IOS1 
OOOOOOOOB 
lOCO 
XOXOXOXOB 
IOC1 
XOXOXXX1B 
HSI FIFO 
Empty 
HSOCAM 
Empty 
HSOSFR 
OOOOOOB 
PSW 
OOOOH 
Stack Pointer 
Undefined 
Program Counter 
20BOH 


Pin 
Reset Value 


AD 
High 
WA/WAL 
High 
ALE/ADV 
High 
INST 
High 


It is important 
to note that the Stack Pointer 
and Inter- 


rupt 
Pending 
Register 
are undefined, 
and 
need 
to be 
initialized 
in software. 
The 
Interrupts 
are disabled 
by 


both the mask 
register 
and PSW.9 
after a reset. 


The 
RESET 
line can be used 
to start 
the 
8098 at an 
exact 
state 
time to provide 
for synchronization 
of test 
equipment 
and multiple 
chip systems. 
RESET 
is active 


low. To synchronize 
parts, 
RESET 
is brought 
high on 
the rising edge of XTALI. 


It is very possible 
that 
parts 
which 
start 
in sync may 


not stay that 
way. The best example 
of this would 
be 
when 
a "jump 
on I/O 
bit" 
is being 
used 
to hold 
the 
processor 
in a loop. If the line changes 
during 
the time 
it is being 
tested, 
one processor 
may 
see it as a one, 


while the other 
sees its as a zero. The result 
is that one 
processor 
will do an extra 
loop, thus 
putting 
it several 
states out of sync with the other. 


On the 8098/8398 
the following 
pins of the 8096BH 
are 
not 
bonded 
out: 
Portl, 
PortO 
(Analog 
In) 
bits 
0-3, 


T2CLK 
(P2.3), 
T2RST 
(P2.4), 
P2.6, 
P2.7, 
CLKOUT, 


INST, 
NMI, 
BUSWIDTH, 
BHE/WRH. 
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Symbol 
Name and Function 


Vcc 
Main supply voltage 
(5V). 


Vss 
Digital 
Circuit 
Ground 
(OV). There are two Vss pins, both of which must be connected. 


VPD 
RAM Standby 
Supply 
Voltage 
(5V). This voltage 
must be present during normal operation. 


In a Power Down condition 
(Le. Vcc drops to zero), if RESET is activated 
before Vcc drops 
below spec and VPD continues 
to be held within spec., the top 16 bytes in the Register 
File 
will retain their contents. 
RESET must be held low during the Power Down and should not be 
brought 
high until Vcc is within spec and the oscillator 
has stabilized. 


VREF 
Reference 
Voltage 
for the AID 
Converter 
(5V). VREF is also the supply voltage to the 
analog portion of the A/D 
converter 
and the logic used to read Port O. Must be connected 
for 
AID 
and Port 0 to function. 


ANGND 
Reference 
Gound 
for the AID 
Converter. 
Must be held at nominally 
the same potential 
as 


Vss· 


Vpp 
Programming 
voltage for the future EPROM parts. 


XTAL1 
Input of the oscillator 
inverter and of the internal clock generator. 


XTAL2 
Output of the oscillator 
inverter. 


RESET 
Reset 
Input 
to the Chip. Input low for at least 2 state times to reset the chip. The 
subsequent 
low-to-high 
transition 
re-synchronizes 
CLKOUT 
and commences 
a 10-state-time 
sequence 
in which the PSW is cleared, 
a byte read from 2018H loads CCR, and a jump to 
location 
2080H is executed. 
Input high for normal operation. 
RESET has an internal 
pullup. 


EA 
Input 
for Memory 
Select 
(External 
Access). 
EA equal to a TTL-high 
causes memory 
accesses 
to locations 
2000H through 
3FFFH to be directed 
to on-chip 
ROM. EA equal to a 
TTL-Iow causes accesses 
to these locations 
to be directed 
to off-chip 
memory. 
EA has an 
internal pulldown, 
so it goes to 0 unless driven otherwise. 
EA is latched at reset. 


ALE/ADV 
Address 
Latch 
Enable 
or Address 
Valid Output, 
as selected 
by CCR. Both pin options 
provide a latch to demultiplex 
the address from the address/data 
bus. When the pin is ADV, it 


goes inactive high at the end of the bus cycle. ADV can be used as a chip select for external 
memory. ALE/ ADV is activated 
only during external 
memory accesses. 


RD 
Read Signal 
Output 
to External 
Memory. 
RD is activated 
only during external 
memory 
reads. 


WR 
Write 
Output 
to External 
Memory. 
WR is activated 
only during external 
memory writes. 


READY 
Ready 
Input 
to Lengthen 
External 
Memory 
Cycles, 
for interfacing 
to slow or dynamic 
memory, or for bus sharing. The bus cycle can be lengthened 
by up to 1 J.Ls. When the 
external 
memory is not being used, READY has no effect. 
Internal control 
of the number of 
wait states inserted into a bus cycle held not ready is available 
through configuration 
of CCR. 


READY has a weak i~ternal pullup, so it goes to 1 unless externally 
pulled low. 


HSI 
Inputs 
to High Speed 
Input 
Unit. Four HSI pins are available: 
HSI.O, HSI.1, HSI.2 and HSI.3. 


Two of them (HSI.2 and HSI.3) are shared with the HSO Unit. 


HSO 
Outputs 
from 
High Speed 
Output 
Unit. Six HSO pins are available: 
HSO.O, HSO.1, HSO.2, 


HSO.3, HSO.4 and HSO.5. Two of them (HSO.4 and HSO.5) are shared with the HSI Unit. 


Port 0 
4·Bit High Impedance 
Input-Only 
Port. These pins can be used as digital inputs and/or 
as 
analog inputs to the on-chip AID 
converter. 


Port 2 
4·Bit Multi-Functional 
Port. 
Its pins are shared with other functions 
in the 8098. 


Ports 3 and 4 
8-Bit Bi-Directional 
I/O Ports with Open Drain Outputs. 
These pins are shared with the 
multiplexed 
address/data 
bus which has strong internal 
pullups. 


The 8098 products are available in 48-pin packages, 
with and without on-chip ROM. The 8795BH EPROM 
is to be used as the prototype vechic1e(see the MCS-96 
datasheets for additional information on the 8795BH). 
Section 14.4 shows the pinouts for the 48-pin packages. 
The 48-pin version is offered in a Dual-In-Line Pack- 
age. 


Device Type 
#MOSGates 


839X/879X 
120,000 
809X 
50.000 


MTBF Calculations· 
3.8 x 107 Device Hours @ 55'C 
1.7 x 107 Device Hours @ 70'C 


'MTBF 
data was obtained through calculations based 
upon the actual average junction temperatures under 
stress at 55'C and 70'C ambient. 


TCASE 
Package 
9JA 
9JC 


COMM'L 
EXPRESS 
Type 


Plastic DIP 
38'C/W 
79.75'C 
94.75'C 
Ceramic DIP 26'C/W 
6SC/W 


RXD/P2.1 


TXD/P2.0 


HSIO 


HSII 


HSI2/HS04 


HSI3/HS05 


HSOO 


HSOI 


HS02 


HS03 
vss 
Vpp 


PWt.4/P2.5 


WR 


N.C. 


READY 


A15/P4.7 


At4/P4.6 


A13/P4.5 


A12/P4.4 


Al1/P4.3 


Al0/P4.2 


A9/P4.1 


A8/P4.0 


RESET 


EXTINT/P2.2 


VpO 


VREF 
ANGND 


ACH4/PO.4 


ACH5/PO.5 


ACH7/PO.7 


ACH6/PO.6 


EA 


Vcc 


Vss 
XTALt 


XTAL2 


ALE/ADV 


RD 


ADO/P3.0 


AD1/P3.1 


AD2/P3.2 


A03/P3.3 


AD4/P3.4 


AD5/P3.5 


AD6/P3.6 


AD7/P3.7 
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255\ 


240 
•... 
------------i 
2J9 


INTERNAL PROGRAW 
STORAGE ROW/EPROW 
OR 
EXTERNAL WEWORY 
t------==-------t 
2080H 
RESERVEO 
20JOH - 207FH 


SECURITY KEY 
2020H - 202FH 


RESERVED 
201 CH - 201 FH 


SELF JUWP OPCODE (27HFEH) 
201AH-2018H 


RESERVED 
2019H 


CHIP CONFIGURATION 8YTE 
2018H 


RESERVED 
2012H-2017H 


I------ 
------f 
2000H 


PORT 4 
lFFFH 


PORT J 
1FFEH 


EXTERNAL WEWORY 
OR I/O 
'---1- 
-f0l00H 


INTERNAL RAW 
OOFFH 
REGISTER FILE 
STACK POINTER 
SPECIAL FUNCTION REGISTERS 
(WHEN ACCESSED AS DATA WEWORY) 
L..,.;..:.= 
.•• 
..••. 
•..••OOOOH 


Mnemonic 
Oper- 
Operation 
(Note 
1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 
ADD/ADDB 
2 
D-D+A 
••• 
••• 
••• 
••• i - 
ADD/ADDB 
3 
'D - 
B + A 
••• 
••• 
••• 
••• i - 
ADDC/ADDCB 
2 
D-D+A+C 
,J, 
••• 
••• 
••• i - 
SUB/SUBB 
2 
D-D-A 
••• 
••• 
••• 
••• i - 
SUB/SUBB 
3 
D-B-A 
••• 
••• 
••• 
••• i - 
SUBC/SUBCB 
2 
D-D-A+C-1 
,J, 
••• 
••• 
••• i - 
CMP/CMPB 
2 
D-A 
••• 
••• 
••• 
••• i - 
MUL/MULU 
2 
D, D + 2 - 
D· A 
- - - - - 
? 
2 
MUL/MULU 
3 
D, D + 2 - 
B· A 
, 
- - - - - 
? 
2 
MULB/MULUB 
2 
D, D + 1 - 
DO A 
- - - - - 
? 
3 
MULB/MULUB 
3 
D, D + 1 - 
BOA 
- - - - - 
? 
3 
DIVU 
2 
D - 
(D, D + 2)/ A, D + 2 - 
remainder - - - 
••• i - 
2 
DIVUB 
2 
D - 
(D, D + 1)/A, D + 1 - 
remainder - - - 
••• i - 
3 
DIV 
2 
D - 
(D, D + 2)/ A, D + 2 - 
remainder - - - 
? 
i - 
DIVB 
2 
D - 
(D, D + 1)/A, D + 1 - 
remainder - - - 
? 
i - 
AND/ANDB 
2 
D - 
DandA 
••• 
••• 
0 
0 - - 
AND/ANDB 
3 
D - 
BandA 
••• 
••• 
0 
0 - - 
OR/ORB 
2 
D - 
DorA 
••• 
••• 
0 
0 - - 
XOR/XORB 
2 
D - 
D(excl.or)A 
••• 
••• 
0 
0 - - 
LD/LDB 
2 
D-A 
- - - - - - 
ST/STB 
2 
A-D 
- - - - - - 
LDBSE 
2 
D - 
A;D + 1 - 
SIGN(A) 
- - - - - - 
3,4 
LDBZE 
2 
D - 
A;D + 1 - 
0 
- - - - - - 
3,4 
PUSH 
1 
SP - 
SP - 2; (SP) - 
A 
- - - - - - 
POP 
1 
A - 
(SP);SP - 
SP2 
- - - - - - 
PUSHF 
0 
SP - 
SP - 2; (SP) - 
PSW; 
0 
0 
0 
0 
0 
0 
PSW - 
OOOOH 
1-0· 


POPF 
0 
PSW - 
(SP);SP - 
SP + 2; 
I - 
••• ••• 
••• 
••• 
••• 
••• 
••• 
SJMP 
1 
PC - 
PC + 11-bit offset 
- - - - - - 
5 
LJMP 
1 
PC - 
PC + 16-bit offset 
- - - - - - 
5 
BR [indirect) 
1 
PC - 
(A) 
- - - - - - 
SCALL 
1 
SP - 
SP - 2; (SP) - 
PC; 
- - - - - - 
5 
PC - 
PC + 11·bit offset 
LCALL 
1 
SP - 
SP - 2; (SP) - 
PC; 
- - - - - - 
5 
PC - 
PC + 16-bit offset 
RET 
0 
PC - 
(SP);SP - 
SP + 2 
- - - - - - 
J (conditional) 
1 
PC - 
PC + a-bit offset (if taken) 
- - - - - - 
5 
JC 
1 
Jump if C = 1 
- - - - - - 
5 
JNC 
1 
Junp if C = 0 
- - - - - - 
5 
JE 
1 
Jump if Z - 
1 
- - - - - - 
5 


NOTES: 
1. If the nmemonic ends in "B", a byte operation is performed, otherwise a word operation is done. Operands D, B, and A 
must confrom to the alignment rules for the required operand type. D and B are locations in the Register File; a can be 
located anywhere in memory. 
2. D, D + 2 are consecutive WORDS in memory; D is DOUBLE-WORD aligned. 
3. D, D + 1 are consecutive BYTES in memory; D is WORD aligned, 
4. Changes a byte to a word. 
5. Offset is a 2's complement number. 
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Mnemonic 
Oper- 
Operation (Note 1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 
JNE 
1 
Jump if Z = 0 
- - - - - - 
5 
JGE 
1 
Jump if N = 0 
- - - - - - 
5 
JLT 
1 
Jump if N = 1 
- - - - - - 
5 
JGT 
1 
Jump if N = 0 and Z = 0 
- - - - - - 
5 
JLE 
1 
Jump if N = 1 or Z = 1 
- - - - - - 
5 
JH 
1 
Jump if C = 1 and Z = 0 
- - - - - - 
5 
JNH 
1 
Jump if C = 0 or Z = 1 
- - - - - - 
5 
JV 
1 
Jump if V = 1 
- - - - - - 
5 
JNV 
1 
Jump if V = 0 
- - - - - - 
5 
JVT 
1 
Jump if VT = 1; Clear VT 
- - - - 
0 - 
5 
JNVT 
1 
Jump if VT = 0; Clear VT 
- - - - 
0 - 
5 
JST 
1 
Jump if ST = 1 
- - - - - - 
5 
JNST 
, 
1 
Jump ifST = 0 
- - - - - - 
5 
JBS 
3 
Jump if Specified Bit = 1 
- - - - - - 
5,6 
JBC 
3 
Jump if Specified Bit = 0 
- - - - - - 
5,6 
OJNZ 
1 
0- 
0-1;ifO*Othen 
- - - - - - 
5 
PC - 
PC + a-bit offset 
OEC/OECB 
1 
0-0-1 
••• 
••• 
••• 
••• t - 


NEGINEGB 
1 
0-0-0 
••• 
••• 
••• 
••• t - 
INC/INCB 
1 
0-0+1 
••• 
••• 
••• 
••• t - 
EXT 
1 
o - 
0; 0 + 2 - 
Sign (D) 
••• 
••• 
0 
0 - - 
2 
EXTB 
1 
o - 
0; 0 + 1 - 
Sign (D) 
••• 
••• 
0 
0 - - 
3 
NOTINOTB 
1 
o - 
Logical Not (D) 
••• 
••• 
0 
0 - - 
CLR/CLRB 
1 
0-0 
1 
0 
0 
0 - - 
SHL/SHLB/SHLL 
2 
C-msb 
Isb - 
0 
••• 
? 
••• 
••• t - 
7 
SHRISHRB/SHRL 
2 
0-+ 
msb 
Isb -+ 
C 
••• 
? 
••• 
0 - 
••• 
7 
SHRAISHRAB/SHRAL 
2 
msb -+ 
msb 
Isb -+ 
C 
••• 
••• 
••• 
0 
••• 
7 
SETC 
0 
C-1 
- - 
1 - - - 
CLRC 
0 
C-O 
- - 
0 - - - 
CLRVT 
0 
VT - 
0 
- - - - 
0 - 
RST 
0 
PC - 
20aOH 
0 
0 
0 
0 
0 
0 
a 
01 
0 
Disable All Interrupts (I - 
0) 
- - - - - - 
EI 
0 
Enable All Interrupts (I - 
1) 
- - - - - - 
NOP 
0 
PC-PC+1 
- - - - - - 
SKIP 
0 
PC-PC+2 
- - - - - - 
NORML 
2 
Left shift till msb = 1; 0 - 
shift count 
••• 
? 
0 - - - 
7 
TRAP 
0 
SP - 
SP -2; (SP) - 
PC 
- - - - - - 
9 
PC - 
(2010H) 


NOTES: 
1. If the mnemonic ends in "B", a byte operation is performed, otherwise a word operation is done. Operands D, B and A 
must conform to the alignment rules for the required operand type. D and B are locations in the Register File; A can be 
located anywhere in memory. 
5. Offset is a 2's complement number. 
6. Specified bit is one of the 2048 bits in the register file. 
7. The "L" (Long) suffix indicates double-word operation. 
8. Initiates a Reset by pulling RESET low. Software should re-initialize all the necessary registers with code starting at 
2080H. 
9. The assembler will not accept this mnemonic. 


intJ 


STATUS: 
o = AID 
CURRENTLY IDLE 
1 = CONVERSION IN PROCESS 
X 


X 


AID 
RESULT: 
LEAST SlGNlriCANT 
2 BITS 


HSI.O MODE 


HSI.l 
MODE 


HSI.2 
MODE 


HSI.3 
MODE 


WHERE EACH 2 - BIT MODE CONTROL FIELD 
DEFINES ONE OF • 
POSSIBLE MODES: 


00 
B POSITIVE TRANSITIONS 
01 
EACH POSITIVE TRANSITION 
10 
EACH NEGATIVE TRANSITION 
11 
EVERY TRANSITION 
(POSITIVE AND NEGATIVE) 


HSO Command 
(06H) 


CHANNEL: 
0-5 
HSO.O - HSO.5 


BIT: 
0 
] 6 
HSO.O AND HSO.l 
7 
HSO.2 AND HSO.3 


B-B 
SOFTWARE TIMERS 


2 
E 
RESET TIMER2 


3 
F 
START AID 
CONVERSION 


• 
INTERRUPTI NO INTERRUPT 


5 
SETI CLEAR 


6 
TIMER 2/TIMER 
1 


7 
X 


AID Command 
(02H) 
I] 


CHANNEL # SELECTS WHICH OF THE B 
1 
ANALOG INPUT CHANNELS 
IS TO BE 
CONVERTED TO DIGITAL FORM. 


: 
GO INDICATES WHEN THE CONVERSION 
IS TO 
BE INITIATED (GO = 1 MEANS START NOW, 
GO = 0 MEANS THE CONVERSION 
IS TO BE 
INITIATED BY THE HSO UNIT AT A SPECIFIED TIME). 
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Bin, 
BITO SPECIFY THE MODE 
00 = MODE 0 
10 = MODE 2 
01 = MODE 1 
11 = MODE 3 


PEN 
ENABLE THE PARITY FUNCTION 


REN 
ENABLES THE RECEIVE FUNCTION 


TBB 
PROGRAMS THE 9TH DATA BIT 


TI 
IS THE TRANSMIT INTERRUPT FLAG 


RI 
IS THE RECEIVE INTERRUPT FLAG 


RBB 
IS THE 9TH DATA RECEIVED 
(IF NOT PARITY) 
RPE 
IS THE PARITY ERROR INDICATOR 
(IF PARITY ACTIVE) 


Baud 
XTALl frequency 
Mode 0: -- 
= ------. 
B "'" 0 
Rate 
4' (B + 1) 
, 


Baud 
XTALl Frequency 
Others: -- 
= ------- 
Rate 
64' (B + 1) 


Baud 
T2CLK frequency 
Mode 0: -- 
= ------. 
B "'"0 
Rate 
B' 


Baud 
TICLK Frequency 
Others: -- 
= 
.B "'" 0 
Rate 
16' B 
' 


Note that B cannot equal 0, except when using 
XTAL1 in other than Mode O. 


inter 


HSI.O 
STATUS 


HSI.l 
STATUS 


HSI.2 
STATUS 


HSI.3 
STATUS 


WHERE 
FOR 
EACH 
2 - 
BIT STATUS 
FIELD 
THE LOWER 
BIT INDICATES 
WHETHER 
OR NOT AN 
EVENT 
HAS 
OCCURED 
ON THIS 
PIN AND 
THE UPPER 
BIT INDICATES 
THE CURRENT 
STATUS 
OF THE PIN. 


o 
HSI.O 
INPUT 
ENABLE / 
DISABLE 


TIt.4ER 2 RESET EACH 
WRITE 


HSI.l 
INPUT 
ENABLE I DISABLE 


TIt.4ER 2 EXTERNAL 
RESET ENABLE 
/ 
DISABLE 


HSI.2 
INPUT 
ENABLE / 
DISABLE 


TIt.4ER 2 RESET SOURCE 
HSI.O / 
T2RST 


HSI.3 
INPUT 
ENABLE 
/ 
DISABLE 


TIt.4ER 2 CLOCK 
SOURCE 
HSI.l 
/T2CLK 
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T2RST 
~ 
••• 
IOCO.5 
I~ 
A-----T2 
RESET 


~- 
••• 
IOCO.3 
••• 
10CO.0 


HSI.O 
~_-------HSI 


••• 
IOCO.2 
r<>'-o--------HSI 


HSI.l 
~--'-------TIt.4ER2 


T2CLK 
~ 
: •• 
IOCO.7 
CLOCK 


; •• 
IOCO.4 


HSI.2 
~"o--------HSI 


••• 
IOCO.6 


HSI.3 
~'-o--------HSI 
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HSO.O 
CURRENT 
STATE 


HSO.l 
CURRENT 
STATE 


HSO.2 
CURRENT 
STATE 


HSO.3 
CURRENT 
STATE 


HSO.4 
CURRENT 
STATE 


HSO.5 
CURRENT 
STATE 


CAt.4 QE HOLDING 
REGISTER 
IS FULL 


HSO 
HOLDING 
REGISTER 
IS FULL 


Interrupt 
Pending Register 


(LOCATION 
09H) 


~ 
III 
I I ~ ~'1~:~~~E" 
HSO 
EVENT 


HSI BIT 0 


SOFTWARE 
TIt.4ERS 
L- 
SERIAL 
I/O 


'----------- 
EXTERNAL 
INTERRUPT 


inter 
8098 ARCHITECTURAL 
OVERVIEW 


SELECT PWM / SELECT P2.5 


EXTERNAL 
INTERRUPT 
ACH7 / 
EXTINT 


TIMER 1 OVERFLOW 
INTERRUPT 
ENABLE / 
DISABLE 


TIMER 2 OVERFLOW 
INTERRUPT 
ENABLE / 
DISABLE 


HSO.4 
OUTPUT 
ENABLE / DISABLE 


SELECT TXD / SELECT P2.0 


HSO.5 
OUTPUT 
ENABLE / DISABLE 


HSI INTERRUPT 
FIFO FULL / -HO-L-D-IN-G-R-E-G1-ST-E-R-L-O-A-DE-D 
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Vector 
Vector 
Location 
Priority 
(High 
(Low 
Byte) 
Byte) 


Software 
2011H 
2010H 
Not Applicable 
Extint 
200FH 
200EH 
7 (Highest) 
Serial Port 
200DH 
200CH 
6 
Software 
200BH 
200AH 
5 
Timers 
HSI.O 
2009H 
2008H 
4 
High Speed 
2007H 
2006H 
3 
Outputs 
HSI Data 
2005H 
2004H 
2 
Available 
AID Conversion 
2003H 
2002H 
1 
Complete 
Timer Overflow 
2001H 
2000H 
o (Lowest) 


SOFTWARE 
TIMER 0 EXPIRED 


SOFTWARE 
TIMER 1 EXPIRED 


SOFTWARE 
TIMER 2 EXPIRED 


SOFTWARE 
TIMER 3 EXPIRED 


TIMER 2 HAS OVERFLOW 


TIMER 1 HAS OVERFLOW 


HSI FIFO IS FULL 


HSI HOLDING 
REGISTER DATA AVAILABLE 
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inter 
MCS®-96 
8098/8398 
ADVANCED 8-BIT MICROCONTROLLER 
WITH 16-BIT CPU 


• 
8398: an 8098 with 8K Bytes of On-Chip ROM 


• 
232 Byte Register 
File 
• 
Full Duplex Serial Port 


• 
Register-to-Register 
Architecture 
• 
Dedicated 
Baud Rate Generator 


• 
10-Bit A/D 
Converter 
with S/H 
• 
6.25 J-Ls16 x 16 Multiply 


• 
Two 8-Bit and Two 4-Blt I/O 
Ports 
• 
6.25 J-Ls32/16 
Divide 


• 
20 Interrupt 
Sources 
• 
16-Blt Watchdog 
Timer 


• 
Pulse-Width 
Modulated 
Output 
• 
Four 16-Bit Software 
Timers 


• 
ROM Lock 
• 
Two 16-Bit Counter/Timers 


• 
High Speed 
I/O Subsystem 


The MCS~-96 
family of 16-bit microcontrollers 
consists 
of many members, 
all of which are designed 
for high- 


speed control 
functions. 
The 8X98 members 
were designed 
specifically 
for those applications 
that require the 
speed of a 16-bit microcontroller 
but are limited by board space and cost requirements 
to an 8-bit external 
bus. 


The 8X98 members 
are produced 
using Intel's 
HMOS-III 
process. 


The CPU supports 
bit, byte, and word operations. 
Thirty-two 
bit double-words 
are supported 
for a subset of the 


instruction 
set. With a 12 MHz input frequency 
the 8098 can do a 16-bit addition 
in 1.0 J-Ls and a 16 x 16-bit 
multiply 
or 32/16 
divide in 6.25 
J-Ls. Instruction 
execution 
times average 
1 to 2 J-Ls in typical 
applications. 


Four high-speed 
trigger inputs are provided 
to record the times at which external 
events occur. Six high-speed 


pulse generator 
outputs 
are provided 
to trigger external 
events at preset times. The high-speed 
output unit can 
simultaneously 
perform 
software 
timer functions. 
Up to four 16-bit software 
timers can be in operation 
at once. 


The 
on-chip 
AID 
converter 
includes 
a Sample 
and 
Hold, 
and converts 
up to 4 multiplexed 
analog 
input 
channels 
to 10-bit digital values. 
With a 12 MHz crystal, 
each conversion 
takes 22 J-Ls. 


The following section is an overview of the 8X98 
devices, generally referred to as the 8098. Addition- 
al information is available in the Embedded Control- 
ler Handbook, order number 210918. 


The 8098 uses the same address space for both 
program and data memory, except in the address 
range from OOHthrough OFFH.Data fetches in this 
range are always to the Register File, while instruc- 
tion fetches from these locations are directed to ex- 
ternal memory. (Locations OOHthrough OFFHin ex- 
ternal memory are reserved for Intel development 
systems). 


Within the Register File, locations OOHthrough 17H 
are register mapped I/O control registers, also re- 
ferred to as Special Function Registers (SFRs). The 
rest of the Register File (018H through OFFH) con- 
tains 232 bytes of RAM, which can be referenced as 
bytes, words, or double-words. This register space 
allows the user to keep the most frequently-used 
variables in on-chip RAM, which can be accessed 
faster 
than 
external 
memory. 
Locations 
OFOH 
through OFFHcan be preserved during power down 
via a separate power down pin (VPD). 


Outside of the Register File, program memory, data 
memory, and peripherals can be intermixed. The ad- 
dresses with special significance are: 


OOOOH- 0017H 
Register Mapped I/O (SFRs) 
0018H- 
0019H 
Stack Pointer 
1FFEH- 
1FFFH 
Ports 3 and 4 
2000H- 
2011H 
Interrupt Vectors 
2012H- 
2017H 
Reserved 
2018H 
Chip Configuration Byte 
2019H 
Reserved 
201AH- 
201BH 
"Jump to Self" Opcode (27 FE) 
201CH- 
201FH 
Reserved 
2020H- 
202FH 
Security Key 
2030H- 
207FH 
Reserved 
2080H 
Reset Location 


The 8398 carries 8K bytes of ROM. Internal program 
memory occupies addresses 2000H through 3FFFH. 
Instruction or data fetches from these addresses ac- 
cess the on-chip memory if the EA pin is externally 
held at 5V. If the EA pin is at OV,these addresses 
access off-chip memory. 


'A memory map for the 8098 version of the MCS-96 
product family is shown in Figure 3. 


.Reserved location warning: Intel Reserved ad- 
dresses can not be used by applications which use 
8X98 internal ROM. The data read from a reserved 
location is not guaranteed, and a write to any re- 
served location could cause unpredictable results. 
When attempting to program Intel Reserved ad- 
dresses, the data must be OFFFFH to ensure a 
harmless result. A memory map indicating reserved 
locations on the 8X98 is shown in Figure 2. 


Intel Reserved locations, when mapped to external 
memory, must be filled with OFFFFHto ensure com- 
patibility with future parts. 


EXTERNAL 
MEMORY 


OR 1/0 


INTERNAL 
PROGRAM 


STORAGE 
ROMIEPROM 


OR 


EXTERNAL 
MEMORY 


RESERVED 


SIGNATURE 
WORD 


RESERVED 


SECURITY 
KEY 


RESERVED 


SELF JUMP 
CODE 
(27H FEH) 


RESERVED 


CHIP CONFIGURATION 
BYTE 


RESERVED 


INTERRUPT 
VECTORS 


2080H 
2072H-207FH 


2070H-2071 
H 


2030H - 206FH 


2020H-202FH 


201CH-201FH 


201AH-201BH 


2019H 


2018H 


2012H·2017H 


The RALU (Register/ ALU) section consists of a 17- 
bit ALU, the Program Status Word, the Program 
Counter, and several temporary registers. A key fea- 
ture of the 8098 is that it does not use an accumula- 
tor. Rather, it operates directly on any register in the 
Register File. Being able to operate directly on data 
in the Register File without having to move it into 
and out of an accumulator results in a significant 
improvement in execution speed. 


In addition to the normal arithmetic and logical func- 
tions, the MCS-96 instruction set provides the fol- 
lowing special features: 


6.25 JLs Multiply and Divide 
Multiple Shift Instruction 
3 Operand Instructions 
Normalize Instruction 
Software Reset Instruction 


POWER-DOWN 
RAM 
orOH 
240 


OErH 1-------------1239 
INTERNAL 


REGISTER 
FILE 
(RAM) 


STACK 
POINTER 


10Sl 


10SO 


• 


RESERVED 


SP 
STAT 


10 PORT 
2 


RESERVED 


10 PORT 
0 


TIMER2 (HI) 


TIMER2 (LO) 


TIMER' 
(HI) 


TIMER' 
(LO) 


INLPENDING 


INT_MASK 


SBur 
(RX) 


HSI_STATUS 


HSLTIME 
(HI) 


HSLTIME 
(LO) 


AD_RESULT 
(HI) 


AD_RESULT 
(LO) 


RO (HI) 


RO (LO) 


2S 


2. 
EXTERNAL 
MElr.lORY 
OR I/O 
23 


22 


2' 
INTERNAL 
PROGRAlr.l 


20 
STORAGE- ROlr.l 
OR 


'9 
EXTERNAL 
lr.lEWORY 


'B 
RESERVED 
17 
SECURITY 
KEY 
,. 
RESERVED 
'5 
SELF 
JUMP 
OPCODE 
(27H 
FEH) 
14 
RESERVED 


'3 
CHIP 
CONFIGURATION 
BYTE 


'2 
RESERVED 
11 


10 
INTERRUPT 
VECTORS 
9 


8 


7 
PORT" 
• 
PORT 
3 


5 
EXTERNAL 
MElr.lORY 
1 


• 
L 


OR I/O 


3 
INTERNAL 
RAW 


2 
REGISTER 
FILE 
STACK 
POINTER 
, 
SPECIAL 
FUNCTION 
REGISTERS 


0 
(WHEN ACCESSED AS DATA MEMORY) 


STACK 
POINTER 


PWlr.l_CONTROL 


lOCI 


lOCO 


RESERVED 


SP 
CON 


10 PORT 2 


RESERVED 


BAUD_RATE 


RESERVED 


WATCHDOG 


INLPENDING 


INLMASK 


SBur 
(TX) 


HSO_COWMAND 


HSO_TlME (HI) 


HSO_TlME (LO) 


HSI_MODE 


AD 
COMMAND 


RO (HI) 


RO (LO) 


All operations on the 8098 take place in a set num- 
ber of "State Times." The 8098 uses a three phase 
internal clock, so each state time is 3 oscillator peri- 
ods. With a 12 MHz clock, each state time requires 
0.25 '""S, based on a Tosc of 83 ns. 


2080H 


2030H 
- 
207FH 


2020H 
- 
202FH 


201CH-201FH 


201AH-201BH 


2019H 


2018H 


2012H 
- 
2017H 


2000H 


1FFFH 


lFrEH 


protection. The CCR bit map is shown in Figure 4, 
and the functions associated with each bit are de- 
scribed later. 


RESERVED 
(Sol 
10 
I 
for 
compatibility with future 
pori.) 


SET TO 0 


ADDRESS 
VALID 
STROBE 
SELECT 


(ALEI 
ADV) 


(IRCD) 
}'NTERNAL 
READY 


(IRCI) 
CONTROL 
tolODE 


SET TO D} 
PROGRAtol 
LOCK 


(LOCI) 
tolODE 
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Operating Modes 


The 8098 supports a variety of options to simplify 
memory systems. Several ready control modes are 
available to simplify the external hardware require- 
ments for accessing slow devices. The Chip Config- 
uration Register is used to store the operating mode 
information. 


Configuration information is stored in the Chip Con- 
figuration Register (CCR). Three of the bits in the 
register specify the bus control mode and ready con- 
trol mode. One bit also governs the level of ROM 


The CCR is loaded on reset with the Chip Configura- 
tion Byte, located at address 2018H. The CCR regis- 
ter is a non-memory mapped location that can only 
be written to during the reset sequence; once it is 
loaded it cannot be changed until the next reset oc- 
curs. 


In order to work properly with an 8-bit only system, it 
is necessary to hold the upper address byte on the 
address bus throughout the CCB read cycle since an 
address latch may not be present. 


If the EA pin is set to a logical 0, the access to 
2018H comes from external memory. If EA is a logi- 
cal 1, the access comes from internal ROM. 


The 8098 can be made to provide two types of bus 
control signals. ALE has a dual function designed to 
reduce external hardware. Bit 3 of the CCR specifies 
the function performed by these control lines. 


Standard Bus Control 


If CCR bit 3 is a 1, then the standard 8098 control 
signal ALE is provided (Figure 5). ALE will rise as the 
address starts to come out, and will fall to provide 
the signal to externally latch the address. 


ADO -7 
---1ADDR 
Lowl 
DATA OUT 
~ 


A8 -15 ----1 
AD_D_R_ES_S_H_I_GH 
~ 


Address Valid Strobe Mode 


If CCR bit 3 is a 0, then an Address Valid Strobe is 
provided in the place of ALE (Figure 6). When the 


Address Valid Mode is selected, ADV will go low af- 
ter an external address is set up. It will stay low until 
the end of the bus cycle, where it will go inactive 
high. This can be used to provide a chip select for 
external memory. 


ADD -7 
~ADDR 
Lowl 
DATA OUT 
~ 


AS -15 --4 
ADDRESS OUT HIGH 


To simplify ready control, four modes of internal 
ready control logic have been provided. The modes 
are chosen by properly configuring bits 4 and 5 of 
the CCR. 


The internal ready control logic can be used to limit 
the number of wait states that slow devices can in- 
sert into the bus cycle. When the READY pin is 
pulled low, wait states will be inserted into the bus 
cycle until the READY pin goes high, or the number 
of wait states equals the number specified by CCR 
bits 4 and 5, whichever comes first. Table 1 shows 
the number of wait states that can be selected. In- 
ternal ready control can be disabled by loading 11 
into bits 4 and 5 of the CCR. 


IRC1 


o 
o 
1 
1 


Table 1. Internal 
Ready Control 


IRCO 
Description 


o 
Limit to 1 Wait State 
1 
Limit to 2 Wait States 
o 
Limit to 3 Wait States 
1 
Disable Internal Ready Control 


inter 


This feature provides for simple ready control. For 
example, every slow memory chip select line could 
be ORed together and be connected to the READY 
pin with CCR bits 4 and 5 programmed to give the 
proper number of wait states to the slow devices. 


Program memory lock is available on the 8398 part. 
CCR bit 7 (LOC1) selects whether internal program 
memory can be read by a program executing from 
external memory. The modes are shown in Table 2. 
Internal ROM addresses 2020H through 3FFFH are 
protected from reads as set by the CCR when LOC1 
is cleared to o. 


Table 2. Program 
Lock Modes 


LOC1 
Protection 


0 
Read Protected 
1 
No Protection 


Only code executing from internal memory can read 
protected internal memory. As a result of 8098 pre- 
fetching of instructions, however, accesses to pro- 
tected memory are not allowed for instructions locat- 
ed above 3FFAH. Note that the interrupt vectors and 
the CCR are not protected. 


To provide ROM lock while allowing verification and 
testing, the 8398 requires security key verification 
before programming or test modes are allowed to 
read protected memory. 


High Speed I/O Unit (HSIO) 


The HSIO unit consists of the High Speed Input Unit 
(HSI), the High Speed Output Unit (HSO), one coun- 
ter and one timer. "High Speed" denotes that the 
units can perform functions related to the timers 
without CPU intervention. The HSI records times 
when events occur and the HSO triggers events at 
pre-programmed times. 


All actions within the HSIO unit are synchronized to 
the timers. The two 16-bit timer/counter registers in 
the HSIO unit are cleared on chip reset and can be 
programmed to generate an interrupt on overflow. 
The Timer 1 register is automatically incremented 
every 8 state times (every 2.0 /Ls, with a 12 MHz 
clock). The Timer 2 register counts transitions on the 
HSI.1 pin. It is incremented on both positive and 
negative edges of the input line. In addition to being 
cleared by reset, Timer 2 can also be cleared in soft- 
ware or by signals from input pin HSI.O.Neither of 
these timers is required for either the Watchdog Tim- 
er or the serial port. 


The High Speed Input (HSI) unit can detect tran- 
sitions on any of its 4 input lines. When one occurs it 
records the time (from Timer 1) and which input lines 
made the transition. This information is recorded 
with 2 /Ls (12 MHz system) resolution and stored in 
an 8-level FIFO. The unit can be programmed to 
look for four types of events, as shown in Figure 7. It 
can activate the HSI Data Available interrupt either 
when the Holding Register is loaded or the 6th FIFO 
entry has been made. Each input line can be individ- 
ually enabled or disabled to the HSI unit by software. 


The High Speed Output (HSO) unit is shown in Fig- 
ure 8. It can be programmed to set or clear any of its 
6 output lines, reset Timer 2, trigger an AID conver- 
sion, or set one of 4 Software Timer flags at a pro- 
grammed time. An interrupt can be enabled for any 
of these events. Either Timer 1 or Timer 2 can be 
referenced for the programmed time value and up to 
8 commands for preset actions can be stored in the 
CAM (Content Addressable Memory) file at anyone 
time. As each action is carried out at its preset time 
that command is removed from the CAM making 
space for another command. HSO.4 and HSO.5 are 
shared with the HSI unit as HSI.2 and HSI.3, and can 
be individually enabled or disabled as outputs. 


There are 2 8-bit and 2 4-bit I/O ports on the 8098 in 
addition to the High Speed I/O lines. 


Port 0 is an input-only port which shares its pins with 
the analog inputs to the AID converter. The port can 
be read digitally and/or, by writing to the AID Com- 
mand Register, one of the lines can be selected as 
the input to the AID 
converter. 


Port 2 is a multi-functional port. The 4 pins are 
shared with other functions in the 8098, as shown in 
Table 3. 


Port 
Function 
Alternate 
Function 


P2.0 
Output 
TXD (Serial Port Transmit) 
P2.1 
Input 
RXD (Serial Port Receive) 
P2.2 
Input 
EXTINT (External Interrupt) 
P2.5 
Output 
PWM (PulseWidth Modulation) 


Ports 3 and 4 are bi-directional I/O ports with open 
drain outputs. These pins are also used as the multi- 
plexed address/data bus when accessing external 
memory, in which case they have strong internal 
pullups. The internal pullups are only used during 
external memory read or write cycles when the pins 


inter 


~ 
HITOLO 


~ 
LOTOHI 


FIFO 


INTERRUPT 
.t; 


CONTROL LOGIC 
~ 
~ 


T2CLK 


T2RST 


High Speed 
Output 
Controls 
6 Pins 
4 Software 
TImers 
2 Interrupts 
Initiate 
AID 
Conversion 
Reset 
TImer 
2 


are outputting address or data bits. At any other 
time, the internal pullups are disabled. When used 
as a system bus, Ports 3 and 4 are a multiplexed 16- 
bit address/ 8-bit data bus. 


The serial port is compatible with the MCS-51 family, 
(8051, 8031 etc.), serial port. It is full duplex, and 
double-buffered on receive. There are 3 asynchro- 
nous modes and 1 synchronous mode of operation 
for the serial port. The asynchronous modes allow 
for 8 or 9 bits of data with even parity optionally 
inserted for one of the data bits. Selective interrupts 
based on the 9th data bit are available to support 
interprocessor communication. 


Baud rates in all modes are determined by an inde- 
pendent 16-bit on-chip baud rate generator. The 
XTAL1 pin is used as the input to the baud rate gen- 
erator. The maximum baud rate in the asynchronous 
mode is 187.5 KBaud. The maximum baud rate in 
the synchronous mode is 1.5 MBaud. 


The PWM output shares a pin with port bit P2.5. 
When the PWM output is selected, this pin outputs a 
pulse train having a fixed period of 256 state times, 
and a programmable width of 0 to 255 state times. 
The width is programmed by loading the desired 
value, in state times, to the PWM Control Register. 


The analog-to-digital converter is a 10-bit, succes- 
sive approximation converter with internal sample 
and hold. It has a fixed conversion time of 88 state 
times which includes the 4 state acquisition time of 
the internal Sample/Hold. With a 12 MHz clock, the 
conversion takes 22 ,...S, including the 1 ,...S sample 
for the Sample and Hold. The Sample acquisition 
begins 4 state times after the conversion is trig- 
gered. A 2 pF capacitance is charged from the input 
signal during acquisition. 


The analog input must be in the range of 0 to VREF 
(nominally, VREF= 5V). This input can be selected 
from 4 analog input lines, which connect to the same 
pins as Port O.A conversion can be initiated either 
by setting a control bit in the AID Command register, 
or by programming the HSO unit to trigger the con- 
version at some specified time. 


Interrupts 


The 8098 has 20 interrupt sources which vector 
through 8 interrupt vectors. A 0-to-1 transition from 
any of the sources sets a corresponding bit in the 
Interrupt Pending register. The content of the Inter- 
rupt Mask register determines if a pending interrupt 
will be serviced or not. If it is to be serviced, the CPU 
pushes the current Program Counter onto the stack 
and reloads it with the vector corresponding to the 
desired interrupt. The interrupt vectors are located in 
addresses 2000H through 2011H, as shown in Fig- 
ure 9. 


Vector 
Location 
Vector 
(High 
(Low 
Priority 


Byte) 
Byte) 


Software 
2011H 
2010H 
Not Applicable 
Extint 
200FH 
200EH 
7 (Highest) 
Serial Port 
200DH 
200CH 
6 
Software 
200BH 
200AH 
5 
Timers 
HSI.O 
2009H 
2008H 
4 
High Speed 
2007H 
2006H 
3 
Outputs 
HSI Data 
2005H 
2004H 
2 
Available 
AID Conversion 
2003H 
2002H 
1 
Complete 
Timer Overflow 
2001H 
2000H 
o (Lowest) 


At the end of the interrupt routine the RET instruc- 
tion pops the program counter from the stack and 
execution continues where it left off. It is not neces- 
sary to store and replace registers during interrupt 
routines as each routine can be set up to use a dif- 
ferent section of the Register File. This feature of 
the 
architecture 
provides for 
very fast 
context 
switching. While the 8098 has a single priority level 
in the sense that any interrupt may itself be interrupt- 
ed, a priority structure exists for resolving simulta- 
neously pending interrupts, as indicated in Figure 9. 
Since the interrupt pending and interrupt mask regis- 
ters can be manipulated in software, it is possible to 
dynamically alter the interrupt priorities to suit the 
users software. 


The Watchdog Timer is a 16-bit counter which, once 
started, is incremented every state time. If not 
cleared before it overflows, the RESET pin will be 
pulled down for two state times, causing the system 
to be reinitialized. In a 12 MHz system, the Watch- 
dog Timer overflows after 16 ms. 


This feature is provided as a means of graceful re- 
covery from a software upset. The counter must be 
cleared by the software before it overflOWS,or else 
the system assumes an upset has occurred and acti- 
vates RESET. Once the Watchdog Timer is started it 
cannot be turned off by software. The flip-flop which 
enables the Watchdog Timer has been designed to 
maintain its state through Vcc glitches to as low as 
OVor as high as 7V for 1 IJosto 1 ms. 


To start the Watchdog Timer, or to clear it, one 
writes 1EH followed by OE1H to the WDT address 
(OOOAH).The Watchdog cannot be stopped once it 
is started unless the system is reset. 


The 8098 is available in a 48-pin package ,with and 
without on-chip ROM, The MCS-96 numbering sys- 


tem for the 8X98 parts is shown in Figure 10, Figure 
11 shows the pinout for the 48-pin package. The 48- 
pin version is offered in a Dual-in-Line package, 


With AID 


ROMless 
I 
48 Pin 
P8098 - Plastic DIP 


ROM 
I 
48 Pin 
P8398 - Plastic DiP 


RXD/P2.1 


TXD/P2.0 


HSIO 


HSll 


HSI2/HS04 


HSI3/HS05 


HSOO 


HSOl 


HS02 


HS03 


vss 
vPP 


PWM/P2.5 


WR 


N.C. 


READY 


A15/P4.7 


A14/P4.6 


A13/P4.5 


A12/P4.4 


All/P4.3 


Al0/P4.2 


A9/P4.1 


A8/P4.0 


RESET 


EXTINT/P2.2 
vpD 


VRE, 


ANGND 


ACH4/PO.4 


ACH5/PO.5 


ACH7/PO.7 


ACH6/PO.6 


EA 
vee 
vss 
XTALl 


XTAL2 


ALE/ADV 


RD 


ADO/P3.0 


AD1/P3.1 


AD2/P3.2 


AD3/P3.3 


AD4/P3.4 


AD5/P3.5 


AD6/P3.6 


AD7/P3.7 


inter 


Symbol 
Name and Function 
.. 


Vcc 
Main supply voltage 
(5V). 


Vss 
Digital circuit ground (OV). There are two VSS pins, both of which must be connected. 


VPD 
RAM standby 
supply voltage 
(5V). This voltage 
must be present during normal operation. 
In a Power Down condition 
(Le. VCC drops to zero), if RESET is activated 
before Vcc drops 
below spec and VpD continues 
to be held within spec., the top 16 bytes in the Register 
File 
will retain their contents. 
RESET must be held low during the Power Down and should not 
be brought high until VCC is within spec and the oscillator 
has stabilized. 


VREF 
Reference 
voltage 
for the AID 
converter 
(5V). VREF is also the supply voltage 
to the 
analog portion of the AID 
converter 
and the logic used to read Port O. Must be connected 
for AID 
and Port 0 to function. 


ANGND 
Reference 
ground for the AID 
converter. 
Must be held at nominally 
the same potential 
as 


Vss· 


Vpp 
Programming 
voltage for the future EPROM parts. 


XTAL1 
Input of the oscillator 
inverter and of the internal clock generator. 


XTAL2 
Output of the oscillator 
inverter. 


RESET 
Reset input to the chip. Input low for at least 2 state times to reset the chip. The 
subsequent 
low-to-high 
transition 
re-synchronizes 
CLKOUT 
and commences 
a 10-state- 
time sequence 
in which the PSW is cleared, 
a byte read from 2018H loads CCR, and a 
jump to location 
2080H is executed. 
Input high for normal operation. 
RESET has an 


internal pullup. 


NMI 
A positive transition 
causes a vector to external 
memory 
location 
OOOOH.External 
memory 
from OOHthrough OFFH is reserved 
for Intel development 
systems. 


EA 
Input for memory select (External Access). 
EA equal to a TIL-high 
causes memory 
accesses 
to locations 
2000H through 
3FFFH to be directed 
to on-chip 
ROM. EA equal to a 
TIL-Iow 
causes accesses 
to these locations 
to be directed 
to off-chip 
memory. 
EA has an 
internal pulldown, 
so it goes to 0 unless driven otherwise. 
EA is latched at reset. 


ALE/ADV 
Address 
Latch Enable or Address 
Valid output, as selected 
by CCR. Both pin options 
provide a latch to demultiplex 
the address from the address/data 
bus. When the pin is 
ADV, it goes inactive high at the end of the bus cycle. ADV can be used as a chip select for 
external 
memory. ALE/ ADV is activated 
only during external 
memory accesses. 


RD 
Read signal output to external 
memory. 
RD is activated 
only during external 
memory 
reads. 


WR 
Write output to external 
memory. WR is activated 
only during external 
memory writes. 


READY 
Ready input to lengthen 
external 
memory cycles, for interlacing 
to slow or dynamic 
memory, 
or for bus sharing. The bus cycle can be lengthened 
by up to 1 ,...S. When the 
external 
memory is not being used, READY has no effect. 
Internal control 
of the number of 
wait states inserted 
into a bus cycle held not ready is available 
through configuration 
of 
CCR. READY has a weak internal pullup, so it goes to 1 unless externally 
pulled low. 


HSI 
Inputs to High Speed Input Unit. Four HSI pins are available: 
HSI.O, HSI.1, HSI.2, and 
HSI.3. Two of them (HSI.2 and HSI.3) are shared with the HSO Unit. 


HSO 
Outputs from High Speed Output Unit. Six HSO pins are available: 
HSO.O, HSO.1, HSO.2, 


HSO.3, HSOA, 
and HSO.5. Two of them (HSOA 
and HSO.5) are shared with the HSI Unit. 


Port 0 
4-bit high impedance 
input-only 
port. These pins can be used as digital inputs and/or 
as 
analog inputs to the on-chip AID 
converter. 
. 


Port 2 
4-bit multi-functional 
port. Its pins are shared with other functions 
in the 8098. 


Ports 3 and 4 
8-bit bi-directionall/O 
ports with open drain outputs. These pins are shared with the 
multiplexed 
address/data 
bus which has strong internal 
pullups. 


inter 


The 8098 instruction set makes use of six address- 
ing modes as described below: 


DIRECT-The 
operand is specified by an 8-bit ad- 
dress field in the instruction. The operand must be in 
the Register File or SFR space (locations OOOOH 
through OOFFH). 


IMMEDIATE-The 
operand itself follows the op- 
code in the instruction stream as immediate data. 
The immediate data can be either 8-bits or 16-bits as 
required by the opcode. 


INDIRECT-An 
8-bit address field in the instruction 
gives the word address of a word register in the 
Register File which contains the 16-bit address of 
the operand. The operand can be anywhere in mem- 
ory. 


INDIRECT WITH AUTO-INCREMENT-Same 
as 
Indirect, except that, after the operand is referenced, 
the word register that contains the operand's ad- 
dress is incremented by 1 if the operand is a byte, or 
by 2 if the operand is a word. 


INDEXED (LONG AND SHORT)- The instruction 
contains an 8-bit address field and either an 8-bit or 
a 16-bit displacement field. The 8-bit address field 
gives the word address of a word register in the 
Register File which contains a 16-bit base address. 
The 8- or 16-bit displacement field contains a signed 
displacement that will be added to the base address 
to produce the address of the operand. The operand 
can be anywhere in memory. 


The 8098 contains a zero register at word address 
OOOOH(and which contains OOOOH).This register is 
available for performing comparisons and for use as 
a base register in indexed addressing. This effective- 
ly provides direct addressing to all 64K of memory. 


In the 8098 the Stack Pointer is at word address 
0018H in the Register File. If the 8-bit address field 
contains 18H, the Stack Pointer becomes the base 
register. This allows direct accessing of variables in 
the stack. 


The following tables list the MCS-96 instructions, 
their opcodes, and execution times. 


A Word on Instruction Execution Times 


Some performance degradation is to be expected 
when using the 8098 with external program memory. 
The reason for this is that the bus controller has a 
difficult time keeping the instruction prefetch queue 
full when the CPU is executing short instructions. 
The CPU then has to wait while the bus controller 
fetches the next instruction and its operands. The 
percentage that this degradation affects a particular 
string of code is dependent on the instructions used 
and in the sequencing of those instructions. Typical- 
ly, add 20% to the state times calculated from the 
following tables for a given sequence of code that 
uses long state time instructions, and add 40% for a 
given sequence that uses short state time instruc- 
tions. 


inter 


Mnemonic 
Oper- 
Operation (Note 1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


ADD/ADDB 
2 
D+-D+A 


- 
~ 
~ 
~ 
~ 
t 
- 


ADD/ADDB 
3 
D+-B+A 
~ 
~ 
~ 
~ 
t 
- 


ADDC/ADDCB 
2 
D +- 
D+A+C 
t 
~ 
~ 
~ 
t 
- 


SUB/SUBB 
2 
D+-D-A 
~ 
~ 
~ 
~ 
t - 


SUB/SUBB 
3 
D+-B-A 
~ 
~ 
~ 
~ 
t 
- 


SUBC/SUBCB 
2 
D +- 
D-A+C-1 
t 
~ 
~ 
~ 
t 
- 


CMP/CMPB 
2 
D-A 
~ 
~ 
~ 
~ 
t - 


MUL/MULU 
2 
D, D + 2 +- 
D' 
A 
- - - - - 
? 
2 


MUL/MULU 
3 
D, D + 2 +- 
B' 
A 
- - - - - 
? 
2 


MULB/MULUB 
2 
D, D + 1 +- 
D' 
A 
. 
- - - - - 
? 
3 


MULB/MULUB 
3 
D, D + 1 +- 
B' 
A 
- - - - - 
? 
3 


DIVU 
2 
D +- 
(D, D + 2)/ A, D + 2 
+- 
remainder 
- - - 
~ 
t 
- 
2 


DIVUB 
2 
D +- 
(D, D + 1)/A, D + 1 
+- 
remainder 
- - - 
~ 
t 
- 
3 


DIV 
2 
D +- 
(D, D + 2)/ A, D + 2 
+- 
remainder 
- - - 
? 
t - 


DIVB 
2 
D +- 
(D, D + 1)/A, D + 1 
+- 
remainder 
- 
- - 
? 
t 
- 


AND/ANDB 
2 
D +- 
DandA 
~ 
~ 
0 
0 
- - 


AND/ANDB 
3 
D +- 
BandA 
~ 
~ 
0 
0 
- - 


OR/ORB 
2 
D +- 
DorA 
~ 
~ 
0 
0 
- - 


XOR/XORB 
2 
D +- 
D (excl. or) A 
~ 
~ 
0 
0 
- - 


LD/LDB 
2 
D+-A 
- - - - - - 
ST/STB 
2 
A+-D 
- - - - - 
- 


LDBSE 
2 
D +- 
A; D + 1 +- 
SIGN(A) 
- 
- 
- - - 
- 
3,4 


LDBZE 
2 
D +- 
A; D + 1 +- 
0 
- - - - - - 
3,4 


PUSH 
1 
SP +- 
SP - 
2; (SP) +- 
A 
- - - - - 
- 


POP 
1 
A +- 
(SP); SP +- 
SP + 2 
- - - - - 
- 
PUSHF 
0 
SP +- 
SP - 
2; (SP) +- 
PSW; 
0 
0 
0 
0 
0 
0 
PSW +- 
OOOOH 
I+-O 


POPF 
0 
PSW +- 
(SP); SP +- 
SP + 2; 
I +- 
~ 
~ 
~ 
~ 
~ 
~ 
~ 


SJMP 
1 
PC +- 
PC + 11-bit offset 
- - - - - 
- 
5 


LJMP 
1 
PC +- 
PC + 16-bit offset 
- - - - - 
- 
5 


BR (indirect) 
1 
PC +- 
(A) 
- - - - 
- 
- 


SCALL 
1 
SP +- 
SP - 
2; (SP) +- 
PC; 
- - - - - 
- 
5 
PC +- 
PC + 11-bit offset 


LCALL 
1 
SP +- 
SP - 
2; (SP) +- 
PC; 
- - - - - 
- 
5 
PC +- 
PC + 16-bit offset 


RET 
0 
PC +- 
(SP); SP +- 
SP + 2 
- - - - - 
- 
J (conditional) 
1 
PC +- 
PC + a-bit offset (if taken) 
- - - - - - 
5 
JC 
1 
Jump ifC = 1 
- - - - - - 
5 


JNC 
1 
JumpifC 
= 0 
- - - - - - 
5 
JE 
1 
Jump if Z = 1 
- - - - 
- 
- 
5 


NOTES: 
1. If the mnemonic ends in "B", a byte operation is performed, otherwise a word operation is done. Operands D, B, and A 
must conform to the alignment rules for the required operand type. D and B are locations in the Register File; A can be 
located anywhere in memory. 
2. D, D + 2 are consecutive WORDS in memory; D is DOUBLE-WORD aligned. 
3. D, D + 1 are consecutive BYTES in memory; D is WORD aligned. 
4. Changes a byte to a word. 
5. Offset is a 2's complement number. 


intJ 


Mnemonic 
Oper- 
Operation (Note 1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


JNE 
1 
JumpifZ 
= 0 
- - - - - - 
5 


JGE 
1 
Jump if N = 0 
- 
- 
- - - - 
5 


JLT 
1 
Jump if N = 1 
- - - - - - 
5 


JGT 
1 
Jump if N = 0 and Z = 0 
- - - - - - 
5 


JLE 
1 
Jump if N = 1 or Z = 1 
- - - - - - 
5 


JH 
1 
Jump if C = 1 and Z = 0 
- - - - - - 
5 


JNH 
1 
Jump if C = 0 or Z = 1 
- 
- 
- - - - 
5 


JV 
1 
Jump if V = 1 
- - - - - - 
5 


JNV 
, 
1 
Jump if V = 0 
- - - - - 
- 
5 


JVT 
1 
Jump if VT = 1; Clear VT 
- - - - 
0 
- 
5 


JNVT 
1 
Jump if VT = 0; Clear VT 
- - - - 
0 
- 
5 


JST 
1 
Jump ifST = 1 
- - - 
- 
- 
- 
5 


JNST 
1 
JumpifST 
= 0 
- - - - - 
- 
5 


JBS 
3 
Jump if Specified Bit = 1 
- - - - - 
- 
5,6 


JBC 
3 
Jump if Specified Bit = 0 
- 
- 
- - - 
- 
5,6 


DJNZ 
1 
D - 
D-1;ifD""Othen 
PC - 
PC + a-bit offset 
- 
- - - 
- 
- 
5 


DEC/DECB 
1 
D-D-1 
"" 
"" 
"" 
"" 
t 
- 
NEG/NEGB 
1 
D-O-D 
"" 
"" 
"" 
"" 
t 
- 
INC/INCB 
1 
D-D+1 
"" 
"" 
"" 
"" 
t 
- 
EXT 
1 
D - 
D;D + 2 - 
Sign (D) 
"" 
"" 
0 
0 
- 
- 
2 


EXTB 
1 
D - 
D;D + 1 - 
Sign(D) 
"" 
"" 
0 
0 
- 
- 
3 


NOTINOTB 
1 
D - 
Logical Not (D) 
"" 
"" 
0 
0 
- 
- 


CLR/CLRB 
1 
D-O 
1 
0 
0 
0 
- 
- 
SHLlSHLB/SHLL 
2 
C - 
msb-----Isb 
- 
0 
"" 
? 
"" 
"" 
t 
- 
7 


SHRISHRB/SHRL 
2 
0-+ 
msb-----Isb 
-+ 
C 
"" 
? 
"" 
0 
- 
"" 
7 


SHRA/SHRAB/SHRAL 
2 
msb -+ 
msb-----Isb-+ 
C 
"" 
"" 
"" 
0 
- 
"" 
7 


SETC 
0 
C-1 
- 
- 
1 - - - 
CLRC 
0 
C-O 
- - 
0 - - 
- 
CLRVT 
0 
VT - 
0 
- 
- 
- - 
0 
- 
RST 
0 
PC - 
20aOH 
0 
0 
0 
0 
0 
0 
a 


DI 
0 
Disable All Interrupts (I - 
0) 
- - - - - 
- 


EI 
0 
Enable All Interrupts (I - 
1) 
- - - - - 
- 
NOP 
0 
PC-PC+1 
- - - - - 
- 
SKIP 
0 
PC-PC+2 
- - - - - - 
NORML 
2 
Left shift till msb = 1; D - 
shift count 
"" 
? 
0 - - 
- 
7 
TRAP 
0 
SP - 
SP - 
2; (SP) - 
PC 
PC - 
(2010H) 
- - - 
- 
- 
- 
9 


NOTES: 
1. If the mnemonic ends in "B", a byte operation is performed, otherwise a word operation is done. Operands D, B and A 
must conform to the alignment rules for the required operand type. D and B are locations in the Register File; A can be 
located anywhere in memory. 
5. Offset is a 2's complement number. 
6. Specified bit is one of the 2048 bits in the register file. 
7. The "L" (Long) suffix indicates double-word operation. 
8. Initiates a Reset by pulling RESET low. Software should re-initialize all the necessary registers with code starting at 
2080H. 
9. The assembler will not accept this mnemonic. 


DIRECT 
IMMEDIATE 
INDIRECT" 
INDEXED" 


c.> 
U) 
NORMAL 
AUTO-INC. 
SHORT 
LONG 
Z 
Q 
0 
IAl 
0 
0 
Z 
IAl 
IAl 
IAl 
0 
0 
CC 
Q 
U) 
1AlU) 
Q 
U) 
1AlU) 
Q 
U) 
1AlU) 
U) 
1AlU) 
Q 
U) 
1AlU) 
U) 
1AlU) 
::E 
a: 
0 
IAl 
!(1Al 
0 
IAl 
~1Al 
0 
IAl 
~1Al 
IAl 
~1Al 
0 
IAl 
~1Al 
IAl 
!(1Al 
IAl 
IAl 
c.> 
~ 
c.> 
~ 
CC::E 
c.> 
~ 
cc::E 
~ 
CC::E 
c.> 
~ 
cc::E 
~ 
z 
A. 
A. 
> ~! A. 
> ~- 
A. 
> 
lii~ 
~- 
A. 
> ~- 
> ~! 
::E 
0 
0 
m 
U)~ 
0 
m 
U)~ 
0 
m 
m 
U)~ 
0 
m 
U)~ 
m 
U)~ 


ARITHMETIC 
INSTRUCTIONS 


ADD 
2 
64 
3 
4 
65 
4 
5 
66 
3 
6/12 
3 
7/13 
67 
4 
6/12 
5 
7/13 


ADD 
3 
44 
4 
5 
45 
5 
6 
46 
4 
7/13 
4 
8/14 
47 
5 
7/13 
6 
8/14 


ADD8 
2 
74 
3 
4 
75 
3 
4 
76 
3 
6/11 
3 
7/12 
77 
4 
6/11 
5 
7/12 


ADD8 
3 
54 
4 
5 
55 
4 
5 
56 
4 
7/12 
4 
8/13 
57 
5 
7/12 
6 
8/13 


ADDC 
2 
A4 
3 
4 
A5 
4 
5 
A6 
3 
6/12 
3 
7/13 
A7 
4 
6/12 
5 
7/13 


ADDC8 
2 
84 
3 
4 
85 
3 
4 
86 
3 
6/11 
3 
7/12 
87 
4 
6/11 
5 
7/12 


SU8 
2 
68 
3 
4 
69 
4 
5 
6A 
3 
6/12 
3 
7/13 
68 
4 
6/12 
5 
7/13 


SU8 
3 
48 
4 
5 
49 
5 
6 
4A 
4 
7/13 
4 
8/14 
48 
5 
7/13 
6 
8/14 


SU88 
2 
78 
3 
4 
79 
3 
4 
7A 
3 
6/11 
3 
7/12 
78 
4 
6/11 
5 
7/12 


SU88 
3 
58 
4 
5 
59 
4 
5 
5A 
4 
7/12 
4 
8/13 
58 
5 
7/12 
6 
8/13 


SU8C 
2 
A8 
3 
4 
A9 
4 
5 
AA 
3 
6/12 
3 
7/13 
A8 
4 
6/12 
5 
7/13 


SU8C8 
2 
88 
3 
4 
89 
3 
4 
8A 
3 
6/11 
3 
7/12 
88 
4 
6/11 
5 
7/12 


CMP 
2 
88 
3 
4 
89 
4 
5 
8A 
3 
6/12 
3 
7/13 
88 
4 
6/12 
5 
7/13 


CMP8 
2 
98 
3 
4 
99 
3 
4 
9A 
3 
6/11 
3 
7/12 
98 
4 
6/11 
5 
7/12 


MULU 
2 
6C 
3 
25 
60 
4 
26 
6E 
3 
27/33 
3 
28/34 
6F 
4 
27/33 
5 
28/34 


MULU 
3 
4C 
4 
26 
40 
5 
27 
4E 
4 
28/34 
4 
29/35 
4F 
5 
28/34 
6 
29/35 


MULU8 
2 
7C 
3 
17 
70 
3 
17 
7E 
3 
19/24 
3 
20/25 
7F 
4 
19/24 
5 
20/25 


MULU8 
3 
5C 
4 
18 
50 
4 
18 
5E 
4 
20/25 
4 
21/26 
5F 
5 
20/25 
6 
21/26 


MUL 
2 
® 
4 
29 
® 
5 
30 
® 
4 
31/37 
4 
32/38 
® 
5 
31/37 
6 
32/38 
MUL 
3 
® 
5 
30 
® 
6 
31 
® 
5 
32/38 
5 
33/39 
® 
6 
32/38 
7 
33/39 


MUL8 
2 
® 
4 
21 
® 
4 
21 
® 
4 
23/28 
4 
24/29 
® 
5 
23/28 
6 
24/29 


MUL8 
3 
® 
5 
22 
® 
5 
22 
® 
5 
24/29 
5 
25/30 
® 
6 
24/29 
7 
25/30 
DIVU 
2 
8C 
3 
25 
80 
4 
26 
8E 
3 
28/33 
3 
29/34 
8F 
4 
28/33 
5 
29/34 
DIVU8 
2 
9C 
3 
17 
90 
3 
17 
9E 
3 
20/24 
3 
21/25 
9F 
4 
20/24 
5 
21/25 
DIV 
2 
® 
4 
29 
® 
5 
30 
® 
4 
32/37 
4 
33/38 
® 
5 
32/37 
6 
33/38 
DIV8 
2 
® 
4 
21 
® 
4 
21 
® 
4 
24/28 
4 
25/29 
® 
5 
24/28 
6 
25/29 


NOTES: 
"Long indexed and Indirect + instructions have identical opcodes with Short indexed and Indirect modes, respectively. The 
second byte of instructions using any Indirect or indexed addressing mode specifies the exact mode used. If the second 
byte is even, use Indirect or Short indexed. If it is odd, use Indirect + or Long indexed. In all cases the second byte of the 
instruction always specifies an even (word) location for the address referenced. 
<DNumber of state times shown for internal/external operands. 
~ 
The opcodes for signed multiply and divide are the opcodes for the unsigned functions with an "FE" appended as a 
prefix. 


DIRECT 
IMMEDIATE 
INDIRECT" 
INDEXED" 
0 
Ul 
NORMAL 
AUTO-INC. 
SHORT 
LONG 
Z 
0z 
~ 
~ 
~ 
e 
e 
~ 
e 
e 
0 
C( 
0 
Ul 
~Ul 
0 
Ul 
~Ul 
0 
Ul 
~Ul 
Ul 
~Ul 
0 
Ul 
~Ul 
Ul 
~Ul 
::E 
a: 
0 
~ 
~~ 
0 
~ 
~~ 
0 
~ 
~~ 
~ 
~~ 
0 
~ 
~~ 
~ 
~~ 
~ 
~ 
0 
~ 
0 
~ 
C(::E 
0 
~ 
~ 
0 
~ 
C(::E 
~ 
z 
I:L 
I:L 
> ~!I:L 
> ~- 
I:L 
~! 
~! 
I:L 
> ~- 
~! 
::E 
0 
0 
III 
Ul~ 
0 
III 
Ul~ 
0 
III 
Ul~ 
III 
Ul~ 
0 
III 
Ul~ 
III 
Ul~ 
LOGICAL INSTRUCTIONS 
AND 
2 
60 
3 
4 
61 
4 
5 
62 
3 
6/12 
3 
7/13 
63 
4 
6/12 
5 
7/13 
AND 
3 
40 
4 
5 
41 
5 
6 
42 
4 
7/13 
4 
8/14 
43 
5 
7/13 
6 
8/14 
AN DB 
2 
70 
3 
4 
71 
3 
4 
72 
3 
6/11 
3 
7/12 
73 
4 
6/11 
5 
7/12 
ANDB 
3 
50 
4 
5 
51 
4 
5 
52 
4 
7/12 
4 
8/13 
53 
5 
7/12 
6 
8/13 
OR 
2 
80 
3 
4 
81 
4 
5 
82 
3 
6/12 
3 
7/13 
83 
4 
6/12 
5 
7/13 
ORB 
2 
90 
3 
4 
91 
3 
4 
92 
3 
6/11 
3 
7/12 
93 
4 
6/11 
5 
7/12 
XOR 
2 
84 
3 
4 
85 
4 
5 
86 
3 
6/12 
3 
7/13 
87 
4 
6/12 
5 
7/13 
XORB 
2 
94 
3 
4 
95 
3 
4 
96 
3 
6/11 
3 
7/12 
97 
4 
6/11 
5 
7/12 
DATA TRANSFER 
INSTRUCTIONS 
LD 
2 
AO 
3 
4 
A1 
4 
5 
A2 
3 
6/12 
3 
7/13 
A3 
4 
6/12 
5 
7/13 
LOB 
2 
BO 
3 
4 
B1 
3 
4 
B2 
3 
6/11 
3 
7/12 
B3 
4 
6/11 
5 
7/12 
ST 
2 
CO 
3 
4 - - - 
C2 
3 
7/13 
3 
8/14 
C3 
4 
7/13 
5 
8/14 
STB 
2 
C4 
3 
4 - - - 
C6 
3 
7/11 
3 
8/12 
C7 
4 
7/11 
5 
8/12 
LDBSE 
2 
BC 
3 
4 
BD 
3 
4 
BE 
3 
6/12 
3 
7/13 
BF 
4 
6/12 
5 
7/13 
LDBZE 
2 
AC 
3 
4 
AD 
3 
4 
AE 
3 
6/12 
3 
7/13 
AF 
4 
6/12 
5 
7/13 
STACK OPERATIONS (Internal 
stack) 
PUSH 
1 
C8 
2 
8 
C9 
3 
8 
CA 
2 
11/16 
2 
12/17 CB 
3 
11/16 
4 
12/17 
POP 
1 
CC 
2 
12 - - - 
CE 
2 
14/20 
2 
14/20 CF 
3 
14/20 
4 
14/20 
PUSHF 
0 
F2 
1 
8 
- - - - - 
- 
- 
- 
- - - - 
- 
POPF 
0 
F3 
1 
9 
- - - - - 
- 
- 
- 
- - - - - 


STACK OPERATIONS (external 
stack) 
PUSH 
1 
C8 
2 
14 
C9 
3 
14 
CA 
2 
17/22 
2 
18/23 CB 
3 
17/22 
4 
18/23 
POP 
1 
CC 
2 
15 - - - 
CE 
2 
17/23 
2 
17/23 CF 
3 
17/23 
4 
17/23 
PUSHF 
0 
F2 
1 
14 - - - - - 
- 
- 
- 
- - 
- 
- 
- 
POPF 
0 
F3 
1 
14 - - - - - 
- 
- 
- 
- - 
- 
- 
- 


JUMP AND CALLS 
MNEMONIC 
OPCODE 
BYTES 
STATES 
MNEMONIC 
OPCODE 
BYTES 
STATES 
LJMP 
E7 
3 
4 
LCALL 
EF 
3 
13/18@ 
SJMP 
20-27@ 
2 
8 
SCALL 
28-2F@ 
2 
13/18@ 
BR!] 
E3 
2 
8 
RET 
FO 
1 
12/18@ 
TRAP® 
F7 
1 
21/26 


NOTES: 
"Long 
indexed 
and Indirect + instructions 
have identical 
opcodes 
with Short 
indexed 
and Indirect 
modes, 
respectively. 
The 
second 
byte of instructions 
using 
any Indirect 
or indexed 
addressing 
mode 
specifies 
the exact 
mode 
used. 
If the second 
byte is even, 
use Indirect 
or Short 
indexed. 
If it is odd, use Indirect + or Long indexed. 
In all cases 
the second 
byte of the 


instruction 
always 
specifies 
an even (word) 
location 
for the address 
referenced. 
(j) Number 
of state times 
shown 
for internal! 
external 
operands. 


® The assembler 
does not accept 
this mnemonic. 


@ The least significant 
3 bits of the opcode 
are concatenated 
with the following 
8 bits to form 
an 11-bit, 
2's complement, 


offset 
for the relative 
call or jump. 


($) State times 
for stack 
located 
internal/external. 


intJ 


All conditional 
jumps are 2 byte instructions. 
They require 8 state times if the jump is taken, 4 if it is not. 


MNEMONIC 
OPCODE 
MNEMONIC 
OPCODE 
MNEMONIC 
OPCODE 
MNEMONIC 
OPCODE 


JC 
DB 
JE 
OF 
JGE 
06 
JGT 
02 


JNC 
03 
JNE 
07 
JLT 
DE 
JLE 
OA 


JH 
09 
JV 
DO 
JVT 
DC 
JST 
08 


JNH 
01 
JNV 
05 
JNVT 
04 
JNST 
DO 


These instructions 
are 3·byte instructions. 
They require 9 state times if the jump is taken, 5 if it is not. 


BIT NUMBER 


MNEMONIC 
0 
1 
2 
3 
4 
5 
6 
7 


JBC 
30 
31 
32 
33 
34 
35 
36 
37 


JBS 
38 
39 
3A 
3B 
3C 
3D 
3E 
3F 


MNEMONIC 


OJNZ 


OPCODE 


EO 


LOOP CONTROL 


BYTES 
3 


STATE TIMES 


5/9 STATE TIME (NOT TAKEN/TAKEN) 


MNEMONIC 
OPCODE 
BYTES 
STATES 
MNEMONIC 
OPCODE 
BYTES 
STATES 


OEC 
05 
2 
4 
EXT 
06 
2 
4 


OECB 
15 
2 
4 
EXTB 
16 
2 
4 


NEG 
03 
2 
4 
NOT 
02 
2 
4 


NEGB 
13 
2 
4 
NOTB 
12 
2 
4 


INC 
07 
2 
4 
CLR 
01 
'2 
4 


INCB 
17 
2 
4 
CLRB 
11 
2 
4 


INSTR 
WORD 
INSTR 
BYTE 
INSTR 
DBLWD 
STATE TIMES 
MNEMONIC 
OP 
B 
MNEMONIC 
OP 
B 
MNEMONIC 
OP 
B 


SHL 
09 
3 
SHLB 
19 
3 
SHLL 
00 
3 
7 + 1 PER SHIFT(7) 


SHR 
08 
3 
SHRB 
18 
3 
SHRL 
DC 
3 
7 + 1 PER SHIFT(7) 


SHRA 
OA 
3 
SHRAB 
1A 
3 
SHRAL 
DE 
3 
7 + 1 PER SHIFT(7) 


MNEMONIC 
OPCODE 
BYTES 
STATES 
MNEMONIC 
OPCODE 
BYTES 
STATES 


SETC 
F9 
1 
4 
01 
FA 
1 
4 


CLRC 
F8 
1 
4 
EI 
FB 
1 
4 


CLRVT 
FC 
1 
4 
NOP 
FO 
1 
4 


RST(6) 
FF 
1 
166 
SKIP 
00 
2 
4 


inter 


MNEMONIC 


NORML 


STATE TIMES 


11 + 1 PER SHIFT 


NOTES: 
6. This instruction takes 2 states to pull RESET low, then holds it low for 2 states to initiate a reset. The reset takes 12 
states, at which time the program restarts at location 2080H. If a capacitor is tied to RESET, the pin may take longer to go 
low and may never reach the VOLspecification. 
7. Execution will take at least 8 states, even for 0 shift. 


STATUS: 


0=1.10 
CURRENTLY 
IDLE 


1 = CONVERSION 
IN PROCESS 


X 


AID 
RESULT: 
LEAST 
SIGNIfiCANT 
2 
BITS 


HSI.O 
1ol0DE 


HSI.l 
1ol0DE 


HSI.2 
1ol0DE 


HSI.3 
1ol0DE 


WHERE 
EACH 
2 - 
BIT 
1ol0DE CONTROL 
nELD 
DEFINES 
ONE 
OF 
4 
POSSIBLE 
1ol0DES: 


00 
8 
POSITIVE 
TRANSITIONS 


01 
EACH 
POSITIVE 
TRANSITION 
10 
EACH 
NEGATIVE 
TRANSITION 
11 
EVERY 
TRANSITION 


(POSITIVE 
AND 
NEGATIVE) 


CHANNEL: 


0-5 
HSO.O - 
HSO.5 


BIT: 
0 
] 
6 
HSO.O 
AND 
HSO.l 


7 
HSO.2 
AND 
HSO.3 


8-B 
SOFTWARE 
TIIolERS 


E 
RESET 
TlIolER2 


3 
F 
START 
A I 0 CONVERSION 


4 
INTERRUPT I NO 
INTERRUPT 


SET I CLEAR 


TlIolER 
2 I TIIolER 
1 


7 
X 


ug 


6 
5 
• 
3 
2 
1 
0 
HSI.O STATUS 


HSI.1 
STATUS 


HSI.2 
STATUS 


HSI.3 
STArus 


WHERE 
FOR EACH 2 - BIT sTArus 
FIELD 
THE LOWER 
BIT INDICATES 
WHETHER 
OR NOT AN EVENT 
HAS 
OCCURRED 
ON THIS 
PIN 
AHD 
THE 
UPPER 
BfT INDICATES 
THE CURRENT 
STATUS 
Of 
THE: PIN. 


mJ 


CHANNEL' 
SELECTS WHICH OF THE 8 
1 
ANALOG INPUT CHANNELS IS TO BE 
CONVERTED 
TO DIGITAL 
FOR •••. 


~ 
GO INDICATES 
WHEN 
THE CONVERSION 
IS TO 


BE INIT1ATED(GO 
= 1 WEANS 
START 
HOW, 


GO = 0 WEANS 
THE CONVERSION 
IS TO BE 
INITIATED 
BY THE HSO UNIT 
AT A SPEOFIED 
nWE). 
270532-14 


o } 
W 
1 
R 
I 


T 


E 


BiTt. 
BITO SPECIFY 
THE 
WODE 
OO=WODE 
0 
10=WODE 
2 
01 =MODE 
1 
11 =1.400£ 
3 


PEN 
ENABLE THE PARITY FUNCTION 


REH 
ENABLES 
THE RECEIVE 
fUNCTION 


TeS 
PROGRAMS 
THE 9TH 
DATA BIT 


TI 
IS THE TRANSNIT 
INTERRUPT 
fLAG 


RI 
IS THE RECEIVE 
INTERRUPT 
fLAG 


RBS 
IS THE 9TH 
DATA RECEIVED 
(IF 
NOT 
PARITY) 
RPE 
IS THE PARITY 
ERROR 
INDICATOR 
(IF 
PARITY 
ACTIVE) 


Uoing XTALl: 


Mod 
0: Baud 
XTAL1frequency 
e . Rete ~ 
4'(8 + 1) 
; 8" 
0 


Others" 
Baud:z 
XTAL 
1 frequency 


. Rete 
64' (8 + 1) 


Note 
that 
B cannot 
equal 
0, except 
when 
ualng 
XTAL 
1 In other 
than 
Mod. 
O. 


RESERVED 
(Sot 
to 
1 for 
compatibility with tutur. 
pans) 


SET TO 0 


ADDRESS 
VALID 
STROBE 
SELECT 


(ALE/ADV) 


(IRCD) 
} INTERNAL 
READY 
CONTROL 


(IRCI) 
llODE 


SETTOO} 
PROGRAll 
LOCK 
llODE 
(LOCI) 


270532-16 


HSI.O 
INPUT 
ENABLE / 
DISABLE 


TillER 
2 RESET 
EACH 
WRITE 


HSI.I 
INPUT 
ENABLE / 
DISABLE 


TillER 
2 EXTERNAL 
RESET 
ENABLE / 
DISABLE 


HSI.2 
INPUT 
ENABLE / 
DISABLE 


SET TO 1 


HSI.3 
INPUT 
ENABLE / 
DISABLE 


SET TO 
I 
k 


o 
-O----T2 
RESET 
/i~ 
-_. 
IOCO.3 


;··IOCO.O 


HSI.O 
~ 
-----HSI 


- -·IOCO.2 


~""'-o-------HSI 


HSI.I 
~ 
TillER2 
CLOCK 


~ _. 
lOCO." 


HSI.2 --0 "-o<>-------HSI 


; _. 
IOCO.6 


HSI.3 
--o"-o-------HSI 


270532-18 


HSO.D 
CURRENT 
STATE 


HSO.l 
CURRENT 
STATE 


HSO.2 
CURRENT 
STATE 


HSO.3 
CURRENT 
STATE 


HSO.4 
CURRENT 
STATE 


HSO.5 
CURRENT 
STATE 


CAll 
QB HOLDING 
REGISTER 
IS fULL 


HSO 
HOLDING 
REGISTER 
IS fULL 
270532-19 


SELECT 
PWll 
/ 
SELECT 
P2.5 


EXTERNAL 
INTERRUPT 
ACH7 / 
EXTINT 


TillER 
1 OVERFLOW 
INTERRUPT 
ENABLE / 0iSABi:E 


TIllER 
2 OVERfLOW 
INTERRUPT 
ENABLE/DISABLE 


HSO.4 
OUTPUT 
ENABLE / 
DISABLE 


SELECT 
TXD / 
SELECT 
P2.0 


HSO.5 
OUTPUT 
ENABLE / 
DISABLE 


HSI 
INTERRUPT 
nro FULL / 
-HO-L-D-IN-G-R-EG-IS-T-ER-LO-A-DE-D 


Vector 
Location 
Vector 
(High 
(Low 
Priority 


Byte) 
Byte) 


Software 
2011H 
2010H 
Not Applicable 
Extint 
200FH 
200EH 
7 (Highest) 
Serial Port 
200DH 
200CH 
6 
Software 
200BH 
200AH 
5 
Timers 
HSI.O 
2009H 
2008H 
4 
High Speed 
2007H 
2006H 
3 
Outputs 
HSI Data 
2005H 
2004H 
2 
Available 
AID Conversion 
2003H 
2002H 
1 
Complete 
Timer Overflow 
2001H 
2000H 
o (Lowest) 


SOFTWARE 
TIllER 
0 EXPIRED 


SOFTWARE 
TillER 
I 
EXPIRED 


SOFTWARE 
TillER 
2 EXPIRED 


SOFTWARE 
TillER 
3 EXPIRED 


TillER 
2 HAS 
OVERfLOW 


TIllER 
I 
HAS OVERfLOW 


HSI 
rlfO 
IS FULL 


HSI HOLDING 
REGISTER 
DATA AVAILABLE 


ELECTRICAL 
CHARACTERISTICS 
ABSOLUTE 
MAXIMUM 
RATINGS· 


Ambient 
Temperature 
Under Bias .... 
O°C to + 70°C 


Storage Temperature 
- 40°C to + 150°C 


Voltage 
from EA or Vpp 
to Vss or ANGND 
":'0.3V to + 13.0V 


Voltage 
from Any Other Pin to 
VssorANGND 
-0.3Vto 
+7.0V· 


Average 
Output Current from Any Pin 
10 mA 


Power Dissipation 
1.5W 
'This 
includes 
Vpp on ROM and CPU only devices. 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE Specifications contained within the 
ro~wmgfflb~a~w~ectro~~g~ 


Symbol 
Parameter 
Mln 
Max 
Units 


TA 
Ambient 
Temperature 
Under Bias 
0 
+70 
C 


Vce 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog Supply Voltage 
4.50 
5.50 
V 


fosc 
Oscillator 
Frequency 
6.0 
12 
MHz 


VPD 
Power-Down 
Supply Voltage 
. 
4.50 
5.50 
V 


NOTE: 
ANGND 
and Vss 
should 
be nominally 
at the same potential. 


D.C. CHARACTERISTICS 
(Test Conditions: 
Vec, VREF, VPD, Vpp, VEA = 5.0V ± 0.5V; Fosc = 6.0 MHz; TA = O°C to 70°C; Vss, 


ANGND = OV) 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


Ice 
Vec Supply Current(O°C 
:5: TA :5: 70°C) 
240 
mA 
All Outputs 


ICC1 
Vcc Supply Current (TA = 70°C) 
185 
mA 
Disconnected. 


'pD 
VPD Supply Current 
1 
mA 
Normal operation 
and Power-Down. 


'REF 
VREF Supply Current 
8 
mA 


VIL 
Input Low Voltage 
(Except REID) 
-0.3 
+0.8 
V 


VIL1 
Input Low Voltage, 
RESET 
-0.3 
+0.7 
V 


VIH 
Input High ~Ol~ge 
2.0 
Vcc 
+0.5 
V 
(Except RE 
E ,NMI, 
XTAL 1) 


VIH1 
Input High Voltage, 
RESET Rising 
2.4 
Vcc 
+0.5 
V 


VIH2 
Input High Voltage, 
RESET Falling Hysteresis 
2.1 
Vcc 
+0.5 
V 


VIH3 
Input High Voltage, 
NMI, XTAL 1 
2.2 
Vcc 
+0.5 
V 


III 
Input Leakage Current to each pin of HSI, P3, 
±10 
/LA 
Vin = Oto Vcc 


P4, and to P2.1. 


ILl1 
D.C. Input Leakage 
Current to each pin of PO 
+3 
/LA 
Vin = OtoVcc 


IIH 
Input High Current to EA 
100 
/LA 
VIH = 2.4V 


"nter 


D.C. CHARACTERISTICS 
(Test Conditions: 
Vcc. VREF. VPD, VPP. VEA = 5.0V ± 0.5V; Fosc = 6.0 MHz; TA = O°C to 70°C; VSS. 
ANGND = OV) (Continued) 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


11L1 
Input Low Current to RESET 
-0.25 
-2 
mA 
VIL = 0.45V 


11L2 
Input Low Current P2.2 
-50 
JloA 
VIL = 0.45V 


VOL 
Output 
Low Voltage on P3. P4 when 
0.45 
V 
IOL = O.BmA 
used as ports 
(Note 1) 


VOL1 
Output Low Voltage on P3. P4 when 
0.75 
V 
IOL = 2.0mA 
used as ports 
(Notes 1, 2, 3) 


VOL2 
Output Low Voltage on Standard 
Output 
0.45 
V 
IOL = 2.0mA 
pins. RESET and Bus/Control 
Pins 
(Notes 1. 2, 3) 


VOH1 
Output High Voltage on Standard 
Output 
2.4 
V 
IOH = -200 
JloA 
pins and Bus/Control 
pins 
(Note 1) 


IOH3 
Output High Current on RESET 
-50 
JloA 
VOH = 2.4V 


Cs 
Pin Capacitance 
(Any Pin to VSS) 
10 
pF 
fTEST = 1.0 MHz 


NOTES: 
1. Standard Output Pins include TXD, RXD (Mode 0 only), PWM, and HSO pins. Bus/Control pins include ALE, RD, WR, 
ADO-AD?, and A8-A15. 


2. Maximum current per pin must be externally limited to the following values if VOL is held above 0.45V. 
IOLon Ports 3 and 4 when used as ports: 4.0 mA 
IOLon standard output pins and RESET: 8.0 mA 
IOLon Bus/Control pins: 2.0 mA 
3.During normal (non-transient) operation the following limits apply: 


TotalloL on P2.0, RESET and all HSO pins must not exceed 15 mA. 
TotalloL on Port 3 must not exceed 10 mA. 
Total IOLon P2.5 and Port 4 must not exceed 20 mA. 


4. IOLon HSO.O,HSO.4, HSO.5, @ 0.5V = 1.6 mA. 


A.C. CHARACTERISTICS 
Vcc. VPD = 4.5V to 5.5V; TA = O°C to 70°C; fOSC = 6.0 MHz to 10.0 MHz 
Test Conditions: 
Load Capacitance 
on Output Pins = BO pF 
Oscillator 
Frequency 
= 10 MHz 


Symbol 
Parameter 
Mln 
Max 
Units 


TLLYV 
End of ALE/ ADV to READY Valid 
2Tosc 
- 
70 
ns 


hLYH 
End of ALE/ ADV to READY High 
2Tosc + 40 
4Tosc 
- 
BO 
ns 


TYLYH 
Non-Ready 
Time 
1000 
ns 


TAVDV(1) 
Address 
Valid to Input Data Valid 
5Tosc 
- 
120 
ns 


TRLDV 
RD Active to Input Data Valid 
3Tosc 
- 
100 
ns 


TRHDX 
Data Hold after RD Inactive 
0 
ns 


TRHDZ 
RD Inactive to Input Data Float 
0 
Tosc 
- 
25 
ns 


NOTE: 
1. The term "Address Valid" applies to AO-A15. 


A.C. CHARACTERISTICS 
vcc. 
VPD = 4.5V to 5.5V; TA = O°C to 70°C; fOSC = 6.0 MHz to 12.0 MHz 
(Continued) 
Test Conditions: 
Load Capacitance 
on Output Pins = 80 pF 
Oscillator 
Frequency 
= 10 MHz 


Symbol 
Parameter 
Mln 
Max 
Units 


FXTAL 
Oscillator 
Frequency 
6.0 
12.0 
MHz 


Tosc 
Oscillator 
Period 
83 
166 
ns 


hHLL 
ALE/ ADV High Time 
Tosc 
- 
30 
Tosc + 35(3) 
ns 


TAVLL(4) 
Address 
Setup to End of ALE/ ADV 
Tosc 
- 
50 
ns 


TRLAZ(5) 
RD or WR Low to Address 
Float 
Typ. = 0 
10 
ns 


TLLRL 
End of ALE/ ADV to RD Active 
Tosc 
- 
40 
ns 


TLLAX(5) 
Address 
Hold after End of ALE/ ADV 
Tosc 
- 
40 
ns 


TWLWH 
WR Pulse Width 
2Tosc 
- 
35 
2Tosc + 40 
ns 


TOVWH 
Output Data Valid to End of WR 
3Tosc 
- 
60 
ns 


TWHOX 
Output Data Hold after WR 
Tosc 
- 
50 
ns 


TWHLH 
End of WR to ALE/ ADV High 
Tosc 
- 
75 
ns 


TRLRH 
RD Pulse Width 
3Tosc 
- 
30 
ns 


TRHLH 
End of RD to ALE/ ADV High 
Tosc 
- 
45 
ns 


TRHBX 
RD High to A8-A 
15 Inactive 
Tosc 
- 
25 
Tosc + 30 
ns 


TWHBX 
WR High to A8-A 
15 Inactive 
Tosc 
- 
25 
Tosc + 100 
ns 


hLWL 
ALE/ ADV Low to WR Low 
2Tosc 
- 
30 
2Tosc + 55 
ns 


TOVWL 
Output Data Valid to WR Low 
Tosc 
- 
30 
ns 


NOTES: 
2. If more than one wait state is desired, add 3Tosc for each additional wait state. 
3. Max spec applies only to ALE. Min spec applies to both ALE and ADV. 
4. The term "Address Valid" applies to ADO-AD?, A8-A15. 
5. The term" 
Address" in this definition applies to ADO-AD? 


tLLvv-I 
tYLYH 


-tLLYH 


l,tLHLL, 
~. 


I-tAVLL 


ADDR 


t=-tOVWL---1 
j------ 
I-- tWHOX 
.------- 
DATA OUT 
: 
-l ~tRHBX-· 
tWHBX---I I-- 


VALID 
)~::::::: 


SERIAL PORT TIMING-SHIFT 
REGISTER MODE 


Test Conditions: 
TA = O·C to + 70·C; Vee = 5V ± 10%; VSS = OV; Load Capacitance 
= 80 pF 


Symbol 
Parameter 
Mln 
Max 
Units 


TXLXL 
Serial Port Clock Period 
8Tose 
ns 


TXLXH 
Serial Port Clock Falling Edge to Rising Edge 
4Tose 
- 
50 
4Tose 
+ 50 
ns 


TQVXH 
Output Data Setup to Clock Rising Edge 
3Tose 
ns 


TXHQX 
Output Data Hold After Clock Rising Edge 
2Tose 
- 
50 
ns 


TXHQV 
Next Output Data Valid After Clock Rising Edge 
2Tose 
+50 
ns 


TDVXH 
Input Data Setup to Clock Rising Edge 
2Tose 
+ 200 
ns 


TXHDX 
Input Data Hold After Clock Rising Edge 
0 
ns 


TXHQZ 
Last Clock Rising to Output Float 
5Tose 
ns 
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r-TXLXL -j 
TXO---U----U- ---U ---U ---U ---U- 
---U- 
---U- 


TQVXH-j r- 
TXLXH-l r- 
TXHQVI--j 
-l 
r-TXHQX 
TXHQZ-l I 
(;U~)----<I:X..... 
X 
2 
x 
3 
X 
• 
X 
5 
X---6--X 
7 >- 


TOVXH-j I- 
-l r-TXHOX 


VALID 
VALID 
VALID 
VALID 


Symbol 
Parameter 
Mln 
Max 
Units 


1/TOLOl 
Oscillator 
Frequency 
6 
12 
MHz 


TOHOX 
High Time 
25 
ns 


TOlOX 
Low Time 
25 
ns 


TOlOH 
Rise Time 
.~ 
15 
ns 


TOHOl 
Fall Time 
15 
ns 


2.4=X 
2.0> 
TESTPOINTS<2.0x== 
0.45 
0.8 
0.8 


270532-25 
A.C. Testinginputsare drivenat 2.4V for a Logic "1" and 0.45V 
for a Logic "0". TIming measurementsare made at 2.0V for a 
Logic "1" and 0.8V for a Logic "0". 


VLOAO+0.15V 
VOH-0.15V 


V 
LOAD 
TIMINGREFERENCE< 
--- 
POINTS 
VLOAO-0.15V 
VOL+O.15V 


270532-26 


ForTimingPurposesa Port Pinis no LongerFloatingwhen a 100 
mVchangefrom LoadVoltageOccurs,and Beginsto Floatwhen 
a 100 mV changefrom the LoadedVOHIVOLLevel occurs lOLl 
IOH;' 
±15 mA. 


OPERATING 
CONDITIONS 


VCC, VPD, VREF 
4.5Vt05.5V 


VSS, ANGND 
O.OV 


TA 
••..••••••..••.•••••.•••••• 
: ••.•• 
O·C to 70·C 


FOSC' 
6.0 MHz to 12.0 MHz 


Test Conditions: 
VREF 
5.120V 


AID 
Converter 
operation 
is verified 
only 
on 
the 
8097BH, 
8397BH, 
8095BH, 
8395BH, 
8797BH, 
8795BH, 
8098, 8398. 


The absolute 
conversion 
accuracy 
is dependent 
on 


the accuracy 
of VREF. The specifications 
given be- 
low assume 
adherence 
to the Operating 
Conditions 


section 
of these 
data 
sheets. 
Testing 
is done 
at 
VREF = 5.120V. 


Parameter 
Typlcal·(1) 
Minimum 
Maximum 
Units·· 
Notes 


Resolution 
1024 
1024 
Levels 


10 
10 
Bits 


Absolute 
Error 
0 
±4 
LSBs 


Full Scale Error 
-0.5 
±0.5 
LSBs 


Zero Offset Error 
±0.5 
LSBs 


Non-Linearity 
0 
±4 
LSBs 


Differential 
Non-Linearity 
0 
+2 
LSBs 


Channel-to-Channel 
Matching 
0 
±1 
LSBs 


Repeatability 
±0.25 
LSBs 
1 


Temperature 
Coefficients: 
Offset 
0.009 
LSBJOC 
1 


Full Scale 
0.009 
LSBJOC 
1 
Differential 
Non-Linearity 
0.009 
LSBJOC 
1 


Off Isolation 
-60 
dB 
1,2,4 


Feedthrough 
-60 
dB 
1,2 


Vcc Power Supply Rejection 
-60 
dB 
1,2 


Input Resistance 
1K 
5K 
n 
1 


D.C. Input Leakage 
0 
3.0 
p.A 


Sample 
Delay 
3Tosc 
- 
50 
3Tosc 
+ 50 
ns 
1,3 


Sample Time 
12Tosc 
- 
50 
12Tosc 
+ 50 
ns 
1 


Sampling 
Capacitor 
2 
pF 


NOTES: 
• These 
values 
are expected 
for most parts at 25·C . 
•• An "LSB", 
as used here, is defined 
in the glossary 
which 
follows 
and has a value of approximately 
5 mV. 


1. These 
values 
are not tested 
in production 
and are based 
on theoretical 
estimates 
and laboratory 
tests. 


2. DC to 100 KHz. 
3. For starting 
the AID 
with an HSO Command. 
4. Multiplexer 
Break-Before-Make 
Guaranteed. 


ABSOLUTE ERROR-The 
maximum difference be- 
tween corresponding actual and ideal code tran- 
sitions. Absolute Error accounts for all deviations of 
an actual converter from an ideal converter. 


ACTUAL 
CHARACTERISTIC-The 
characteristic 
of an actual converter. The characteristic of a given 
converter may vary over temperature, supply volt- 
age, and frequency conditions. An actual character- 
istic rarely has ideal first and last transition locations 
or ideal code widths. It may even vary over multiple 
conversions under the same conditions. 


BREAK-BEFORE-MAKE- 
The property of a multi- 
plexer which guarantees that a previously selected 
channel will be deselected before a new channel is 
selected. (e.g. the converter will not short inputs to- 
gether.) 


CHANNEL-TO-CHANNEL MATCHING-The 
differ- 
ence between corresponding code transitions of ac- 
tual characteristics taken from different channels un- 
der the same temperature, voltage and frequency 
conditions. 


CHARACTERISTIC-A 
graph of input voltage ver- 
sus the resultant output code for an AID 
converter. 
It describes the transfer function of the AID convert· 
er. 


CODE-The 
digital value output by the converter. 


CODE CENTER-The 
voltage corresponding to the 
midpoint between two adjacent code transitions. 


CODE TRANSITION-The 
point at which the con- 
verter changes from an output code of Q, to a code 
of Q + 1. The input voltage corresponding to a code 
transition is defined to be that voltage which is 
equally likely to produce either of two adjacent 
codes. 


CODE WIDTH-The 
voltage corresponding to the 
difference between two adjacent code transitions. 


D.C. INPUT LEAKAGE-Leakage 
current to ground 
from an analog input pin. 


DIFFERENTIAL NON-LINEARITY-The 
difference 
between the ideal and actual code widths of the ter- 
minal based characteristic. 


FEEDTHROUGH-Attenuation 
of a voltage applied 
on the selected channel of the AID Converter after 
the sample window closes. 


FULL SCALE ERROR-The 
difference between the 
expected and actual input voltage corresponding to 
the full scale code transition. 


IDEAL CHARACTERISTIC-A 
characteristic with 
its first code transition at VIN = 0.5 LSB, its last 
code transition at VIN = (VREF- 
1.5 LSB) and all 
code widths equal to one LSB. 


INPUT RESISTANCE-The 
effective series resist- 
ance from the analog input pin to the sample capaci- 
tor. 


LSB-Least 
Significant 
Bit: The voltage corre- 
sponding to the full scale voltage divided by 2", 
where n is the number of bits of resolution of the 
converter. For a 10-bit converter with a reference 
voltage of 5.12V, one LSB is 5.0 mY. Note that this 
is different than digital LSBs, since an uncertainty of 
two LSB, when referring to an AID converter, equals 
10 mY. (This has been confused with an uncertainty 
of two digital bits, which would mean four counts, or 
20 mV.) 


MONOTONIC-The 
property of successive approxi- 
mation converters which guarantees that increasing 
input voltages produce adjacent codes of increasing 
value, and that decreasing input voltages produce 
adjacent codes of decreasing value. 


NO MISSED CODES-For 
each and every output 
code, there exists a unique input voltage range 
which produces that code only. 


NON-LINEARITY-The 
maximum deviation of code 
transitions of the terminal-based characteristic from 
the corresponding code transitions of the ideal char- 
acteristic. 


OFF-ISOLATION-Attenuation 
of a voltage applied 
on a deselected channel of the AID converter. (Also 
referred to as Crosstalk.) 


REPEATABILITY-The 
difference between corre- 
sponding code transitions from different actual char- 
acteristics taken from the same converter on the 
same channel at the same temperature, voltage and 
frequency conditions. 


RESOLUTION-The 
number of input voltage levels 
that the converter can unambiguously distinguish 
between. Also defines the number of useful bits of 
information which the converter can return. 
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SAMPLE DELAY-The 
delay from receiving the 
start conversion signal to when the sample window 
opens. 


SAMPLE DELAY UNCERTAINTY-The 
variation in 
the sample delay. 


SAMPLE TIME-The 
time that the sample window 
is open. 


SAMPLE TIME UNCERTAINTY-The 
variation in 
the sample time. 


SAMPLE WINDOW-Begins 
when the sample ca- 
pacitor is attached to a selected channel and ends 
when the sample capacitor is disconnected from the 
selected channel. 


SUCCESSIVE APPROXIMATION-An 
AID conver- 
sion method which uses a binary search to arrive at 
the best digital representation of an analog input. 


TEMPERATURE COEFFICIENTs-Ghange 
in the 
stated variable per degree centigrade temperature 
change. Temperature coefficients are added to the 
typical values of a specification to see the effect of 
temperature drift. 


TERMINAL BASED CHARACTERISTIC-An 
actual 
characteristic which has been rotated and translated 
to remove zero offset and full scale error. 


Vcc REJECTION-Attenuation 
of noise on the Vcc 
line to the AID converter. 


ZERO OFFSET-The 
difference between the ex- 
pected and actual input voltage corresponding to 
the first code transition. 
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THE RUPITM·44 FAMILY: 
MICROCONTROLLER 
WITH ON·CHIP 
COMMUNICATION 
CONTROLLER 


The RUPI-44 family is designed for applications re- 
quiring local intelligence at remote nodes, and commu- 
nication capability among these distributed nodes. The 
RUPI-44 integrates onto a single chip Intel's highest 
performance microcontroller, 
the 805I-core, with an 
intelligent and high performance Serial communication 
controller, called the Serial Interface Unit, or SIU. See 
Figure I. This dual controller architecture allows com- 
plex control and high speed data communication func- 
tions to be realized cost effectively. 


The RUPI-44 family consists of three pin compatible 
parts: 
• 8344-8051 
Microcontroller with SIU 
• 8044-An 
8344 with 4K bytes of on-chip ROM pro- 
gram memory 
• 8744-An 
8344 with 4K bytes of on-chip EPROM 
program memory 


The 8044's dual controller 
architecture 
enables the 
RUPI to perform complex control tasks and high speed 
communication in a distributed network environment. 


The 8044 microcontroller is the 8051-core, and main- 
tains complete software compatibility with it. The mi- 
crocontroller 
contains a powerful CPU with on-chip 
peripherals, making it capable of serving sophisticated 


real-time control applications such as instrumentation, 
industrial control, and intelligent computer peripherals. 
The microcontroller features on-chip peripherals such 
as two 16-bit timer/counters 
and 5 source interrupt ca- 
pability with programmable priority levels. The micro- 
controller's high performance CPU executes most in- 
structions in I microsecond, and can perform an 8 X 8 
multiply in 4 microseconds. The CPU features a Boole- 
an processor that can perform operations on 256 direct- 
ly addressable bits. 192 bytes of on-chip data RAM can 
be extended to 64K bytes externally. 4K bytes of on- 
chip program ROM can be extended to 64K bytes ex- 
ternally. The CPU and SIU run concurrently. See Fig- 
ure 2. 


The SIU is designed to perform serial communications 
with little or no CPU involvement. The SIU supports 
data rates up to 2.4 Mbps, externally clocked, and 
375 Kbps self clocked (i.e., the data clock is recovered 
by an on-chip digital phase locked loop). SIU hardware 
supports the HDLC/SDLC 
protocol: zero bit inser- 


tion/deletion, 
address recognition, cyclic redundancy 
check, and frame number sequence check are automati- 
cally performed. 


The SIU's Auto mode greatly reduces communication 
software overhead. The AUTO 
mode supports 
the 
SDLC Normal Response Mode, by performing second- 
ary station responses in hardware without any CPU 
involvement. The Auto mode's interrupt control and 
frame sequence numbering capability eliminates soft- 
ware overhead normally required in conventional sys- 
tems. By using the Auto mode, the CPU is free to con- 
centrate on real time control of the application. 
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8044 Block Diagram 
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2.1 
HOLC/SOLC 
Advantages 
over 
Async 


The High Level Oata Link Control, HOLC, is a stan- 
dard communication link control established by the In- 
ternational Standards Organization (ISO). SOLC is a 
subset of HOLC. 


HOLC and SOLC are both wel1 recognized standard 
serial protocols. The Synchronous Oata Link Control, 
SOLC, is an IBM standard communication protocol. 
IBM original1y developed SOLC to provide efficient, 
reliable and simple communication between terminals 
and computers. 


The major advantages of SOLC/HOLC 
over Asyn- 
chronous communications protocol (Async): 
• SIMPLE: Oata Transparency 


PRIMARY 
I.. 


• EFFICIENT: 
Wel1 Oefined Message-Level Opera- 
tion 
• RELIABLE: Frame Check Sequence and Frame 
Numbering 


The SOLC reduces system complexity. HOLC/SOLC 
are "data transparent" 
protocols. Oata transparency 
means that an arbitrary data stream can be sent with- 
out concern that some of the data could be mistaken for 
a protocol control1er. Oata transparency 
relieves the 
communication 
control1er having to 
detect 
special 
characters. 


SOLC/HOLC 
provides more data throughout 
than 
Async. SOLC/HOLC 
runs at Message-level Operation 
which 
transmits 
multiple 
bytes 
within 
the 
frame, 
whereas Async is based on character-level operation. 
Async transmits or receives a character at a time. Since 
Async requires start and stop bits in every transmis- 
sion, there is a considerable waste of overhead com- 
pared to SOLC/HOLC. 
. 


I 


8044 
CONTROlLED 


•• 
SE_C_O_NO_A_R_Y 
_ 


INFORMATION 
FIELD 
~: 


VARIAJILE LENGTH 
(ONLY IN.~FRAMES) 


Oue to SOLC/HOLC's 
well delineated field (see Fig- 
ure 4) the CPU does not have to interpret character by 
character to determine control field and information 
field. In the case of Async, CPU must look at each 
character to interpret what it means. The practical ad- 
vantage of such feature is straight forward use of OMA 
for information transfer. 


In addition, 
SOLC/HOLC 
further 
improves 
Oata 
throughput 
using implied Acknowledgement of trans- 
ferred information. A station using SOLC/HOLC 
may 
acknowledge 
previously 
received information 
while 
transmitting different information in the same frame. 
In addition, up to 7 messages may be outstanding be- 
fore an acknowledgement is required. 


The HOLC/SOLC 
protocol can be used to realize reli- 
able data links. Reliable Oata transmission is ensured at 
the bit level by sending a frame check sequence, cyclic 
redudancy checking, within the frame. Reliable frame 
transmission is ensured by sending a frame number 
identification with each frame. This means that a re- 
ceiver can sequentially count received frames and at 
any time infer what the number of the next frame to be 
received should be. More important, 
it provides a 
means for the receiver to identify to the sender some 
particular frame that it wishes to have resent because of 
errors. 


In both the HOLC and SOLC line protocols a (Master) 
primary station controls the overall network (data link) 
and issues commands to the secondary (Slave) stations. 
The latter complies with instructions and responds by 
sending appropriate responses. Whenever a transmit- 
ting station 
must 
end transmission 
prematurely, 
it 
sends an abort character. Upon detecting an abort char- 
acter, a receiving station ignores the transmission block 
called a frame. 


RUPI-44 supported HOLC/SOLC 
network configura- 
tions are point to point (half duplex) multipoint (half 
duplex), and loop. In the loop configuration the sta- 
tions themselves act as repeaters, so that long links can 
be easily realized, see Figure 3. 


An HOLC/SOLC 
frame consists of five basic fields: 


Flag, Address, Control, Oata and Error Oetection. A 
frame is bounded by f1ags-opening 
and closing flags. 


An address field is 8 bits wide in SOLC, extendable to 2 
or more bytes in HOLC. The control field is also 8 bits 
wide, extendable to two bytes in HOLC. The SOLC 
data field or information field may be any number of 
bytes. The HOLC data field mayor may not be on an 8 
bit boundary. A powerful error detection code called 
Frame Check Sequence contains the calculated CRC 
(Cycle Redundancy Code) for all the bits between the 
flags. See Figure 4. 


In HOLC and SOLC are three types of frames; an In- 
formation Frame is used to transfer data, a Supervisory 
Frame is used for control purposes, and a Nonse- 
quenced Frame is used for initialization and control of 
the secondary stations. 


For a more detailed discussion of higher level protocol 
functions interested readers may refer to the references 
listed in Section 2.6. 


In data communications, it is desirable to transmit data 
which can be of arbitrary content. Arbitrary data trans- 
mission requires that the data field cannot contain 
characters which are defined to assist the transmission 
protocol (like opening flag in HOLC/SOLC 
communi- 


cations). This property is referred to as "data transpar- 
ency". In HOLC/SOLC, 
this code transparency 
is 


made possible by Zero Bit Insertion (ZBI). 


The flag has a unique bit pattern: 01111110 (7E HEX). 
To eliminate the possibility of the data field containing 
a 7E HEX pattern, a bit stuffing technique called Zero 
Bit Insertion is used. This technique specifies that dur- 
ing transmission, a binary 0 be inserted by the transmit- 
ter after any succession of five contiguous binary I's. 
This will ensure that no pattern of 0 I I I I I I 0 is ever 
transmitted between flags. On the receiving side, after 
receiving the flag, the receiver hardware automatically 
deletes any 0 following five consecutive I's. The 8044 
performs zero bit insertion and deletion automatically. 
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NRZI is a method of clock and data encoding that is 
well suited to the HDLC/SDLC 
protocol. It allows 
HDLC/SDLC 
protocols to be used with low cost asyn- 
chronous modems. NRZI coding is done at the trans- 
mitter to enable clock recovery from the data at the 
receiver terminal by using standard digital phase locked 
loop (DPLL) techniques. NRZI coding specifies that 
the signal condition does not change for transmitting a 
1, while a 0 causes a change of state. NRZI coding 
ensures that an active data line will have a transition at 
least every 5-bit times (recall Zero Bit Insertion), while 
contiguous O's will cause a change of state. Thus, ZBI 
and NRZI encoding makes it possible for the 8044's on- 
chip DPLL to recover a receive clock (from received 
data) synchronized to the received data and at the same 
time ensure data transparency. 


1. IBM Synchronous Data Link Control General Infor- 
mation GA27-3093-2 File No. GENL-09. 
2. Standard Network Access Protocol Specification, DA- 
TAPAC Trans-Canada Telephone System CCG111. 
3. IBM 3650 Retail Store System Loop Interface OEM 
Information, IBM, GA27-3098-0. 
4. Guidebook to Data Communications, Training Man- 
ual, Hewlett-Packard 5955-1715. 
5. "Serial Backplane 
Suits 
Multiprocessor Architec- 
tures': Mike Webb, Computer Design, July 1984, pp. 
85-96. 


6. "Serial Bus Simplifies Distributed Control': 
P.D. 
MacWilliams, 
Control Engineering, June 1984, pp. 
101-104. 
7. "Chips Support 
Two Local Area Networks': 
Bob 
Dahlberg, Computer Design, May 1984, pp. 107-114. 


8. "Build a VLSI-based Workstation for the Ethernet 
Environment': Mike Webb, EDN, 23 February 1984, 
pp. 297-307. 


9. "Networking With the 8044': Young Sohn & Charles 
Gopen. Digital Design. May 1984, pp. 136-137. 


A critical design consideration is time to market. Intel 
provides a sophisticated set of design tools to speed 
hardware and software development time of 8044 based 
products. These include ICE-44, ASM-5l, PLIM-5l, 
and EMV-44. 


Figure 5. RUPITM·44 Development 
Support 
Configuration 
IntellecilP 
System, 
ICETM·44 Buffer 
Box, and ICE·44 Module 
Plugged 
Into a User Prototype 
Board 


A primary tool is the 8044 In Circuit Emulator, called 
ICE-44. See Figure 5. In conjunction with Intel's Intel- 
lec® Microprocessor Development System, the ICE-44 
emulator allows hardware and software development to 
proceed interactively. This approach is more effective 
than the traditional method of independent hardware 
and software development followed by system integra- 
tion. With the ICE-44 module, prototype hardware can 
be added to the system as it is designed. Software and 
hardware integration occurs while the product is being 
developed. 


The ICE-44 emulator assists four stages of develop- 
ment: 
I) Software Debugging 
It can be operated without being connected to the 
user's system before any of the user's hardware is 
available. In this stage ICE-44 debugging capabilities 
can be used in conjunction with the Intellec text edi- 
tor and 8044 macroassembler to facilitate program 
development. 


2) Hardware Development 
The ICE-44 module's precise emulation characteris- 
tics and full-speed program RAM make it a valuable 
tool for debugging hardware, including the time-crit- 
ical SDLC serial port, parallel port, and timer inter- 
faces. 
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3) System Integration 
Integration 
of software and hardware 
can begin 
when any functional element of the user system 
hardware is connected to the 8044 socket. As each 
section of the user's hardware is completed, it is add- 
ed to the prototype. Thus, each section of the hard- 
ware and software is system tested in real-time oper- 
ation as it becomes available. 
4) System Test 
When the user's prototype is complete, it is tested 
with the final version of the user system software. 
The ICE·44 module is then used for real-time emula- 
tion of the 8044 to debug the system as a completed 
unit. 
The final product verification test may be performed 
using the 8744 EPROM version of the 8044 micro- 
computer. Thus, the ICE-44 module provides the 
user with the ability to debug a prototype or produc- 
tion system at any stage in its development. 


A conversion kit, ICE-44 CON, is available to upgrade 
an ICE-51 module to ICE-44. 


Intel's ASM-51 Assembler supports the 8044 special 
function registers and assembly program development. 
PL/M-51 provides designers with a high level language 
for the 8044. Programming in PL/M 
can greatly re- 
duce development time, and ensure quick time to mar- 
ket. 


These tools have recently been expanded with the addi- 
tion of the EMV-44CON. This conversion kit allows 
you to convert an EMV-51 into an EMV-44 emulation 
vehicle. The resultant low cost emulator is designed for 
use with an iPDS Personal Development System, which 
also supports the ASM-51 assembler and PL/M-51. See 
Figure 6. 


Emulation support is similar to the ICE-44 with sup- 
port for Software and Hardware Development, System 


Figure 6. RUPI·44 
IPDS Personal 
Development 
System, 
EMV·44 
Buffer Box, and EMV·44 
Module 
Plugged Into a User Prototype 
Board 


Integration, and System Test. The iPDS's rugged porta- 
bility and ease of use also make it an ideal system for 
production tests and field service of your finished de- 
sign. In addition, the iPDS offers EPROM program- 
ming module for the 8744, and direct communications 
with the 8044·based BITBUS via an optional iSBX-344 
distributed control module. 


Intel provides 8051 training to its customers through 
the 5-day 8051 workshop. Familiarity with the 8051 
and 8044 is achieved through a combination of lecture 
and laboratory exercises. 


For designers not familiar with the 8051, the workshop 
is an effective way to become proficient with the 8051 
architecture and capabilities. 
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The 8044 is based on the 8051 core. The 8044 replaces 
the 8051's serial port with an intelligent HDLC/SDLC 
controller called the Serial Interface or SIU. Thus the 
differences between the two result from the 8044's in- 
creased on-chip RAM (192 bytes) and additional spe- 
cial function registers necessary to control the SIU. 
Aside from the increased memory, the SIU itself, and 
differences in 5 pins (for the serial port), the 8044 and 
8051 are compatible. 


This chapter describes the differences between the 8044 
and 8051. Information pertaining to the 8051 core, ego 
instruction set, port operation, EPROM programming, 
etc. is located in the 8051 sections of this manual. 


A block diagram of the 8044 is shown in Figure 1. The 
pinpoint is shown on the inside front cover. 


1.0 MEMORY 
ORGANIZATION 
OVERVIEW 


The 8044 maintains separate address spaces for Pro- 
gram Memory and Data Memory. The Program Mem- 
ory can be up to 64K bytes long, of which the lowest 
4K bytes are in the on-chip ROM. 


If the EA pin is held high, the 8044 executes out of 
internal ROM unlwess the Program Counter exceeds 
OFFFH. 
Fetches 
from 
locations 
lOOOH through 
FFFFH are directed to external Program Memory. 


If the EA pin is held low, the 8044 fetches all instruc- 
tions from external Program Memory. 


The Data Memory consists of 192 bytes of on-chip 
RAM, plus 35 Special Function Registers, in addition 
to which the device is capable of accessing up to 64K 
bytes of external data memory. 


The Program Memory uses 16-bit addresses. The exter- 
nal Data Memory can use erither 8-bit or 16-bit ad- 
dresses. The internal Data Memory uses 8-bit address- 
es, which provide a 256-location address space. The 
lower 192 addresses access the on-chip RAM. The Spe- 
cial Function Registers occupy various locations in the 
upper 128 bytes of the same address space. 


The lowest 32 bytes in the internal RAM (locations 00 
through 
IFH) are divided into 4 banks of registers, 
each bank consisting of 8 bytes. Anyone of these banks 
can be selected to be the "working registers" of the 
CPU, and can be accessed by a 3-bit address in the 


same byte as the opcode of an instruction. Thus, a large 
number of instructions are one-byte instructions. 


The next higher 16 bytes of the internal RAM (loca- 
tions 20H through 2FH) have individually addressable 
bits. These are provided for use as software flags or for 
one-bit (Boolean) processing. This bit-addressing capa- 
bility is an important feature of the 8044. In addition to 
the 128 individually addressable bits in RAM, twelve of 
the Special Function Registers also have individually 
addressable bits. 


The Special Function Registers are as follows: 
• 
ACC 
Accumulator (A Register) 
• 
B 
B Register 
• 
PSW 
Program Status Word 
SP 
Stack Pointer 
DPTR 
Data Pointer (consisting of DPH 
AND DPL) 
Port 0 
Port I 
Port 2 
Port 3 
Interrupt Priority 
Interrupt Enable 
Timer/Counter 
Mode 
Timer/Counter 
Control 
Timer/Counter 
0 (high byte) 
Timer/Counter 
0 (low byte) 
Timer/Counter 
I (high byte) 
Timer/Counter 
I (low byte) 
Serial Mode 
Status/Command 
SendlReceive Count 
Station Address 
Transmit Buffer Start Address 
Transmit Buffer Length 
Transmit Control Byte 
Receive Buffer Start Address 
Receive Buffer Length 
Received Field Length 
Received Control Byte 
DMA Count 
FIFO (three bytes) 
SIU State Counter 
Power Control 


'PO 
• 
PI 
• 
P2 
• 
P3 
• 
IP 
• 
IE 
TMOD 
• 
TCON 
THO 
TLO 
THI 
TLi 
SMD 
STS 
NSNR 
STAD 
TBS 
TBL 
TCB 
RBS 
RBL 
RFL 
RCB 
DMACNT 
FIFO 
SIUST 
PCON 


The registers marked with • are both byte- and bit-ad- 
dressable. 
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The Stack Pointer is 8 bits wide. The stack can reside 
anywhere in the 192 bytes of on-chip RAM. When the 
8044 is reset, the stack pointer is initialized to 07H. 
When executing a PUSH or a CALL, the stack pointer 
is incremented before data is stored, so the stack would 
begin at location 08H. 


External Interrupt 0 
INTO, if ITO =0 
lEO, if lTO = 1 
P3.2 
TCON.l 


External Interrupt 
I 
INTl, if ITl = 0 
lEI, if ITl 
= 1 
P3.3 
TCON.3 


External Interrupt 
control bits lTO and ITI 
are in 
TCON.O and TCON.2, respectively. Reset leaves all 
flags inactive, with ITO and ITl cleared. 


All the interrupt flags can be set or cleared by software, 
with the same effect as by hardware. 


The Enable and Priority Control Registers are shown 
below. All of these control bits are set or cleared by 
software. All are cleared by reset. 


IE: Interrupt 
Enable 
Register 
(bit-addressable) 


Bit: 
7 
6 
5 
4 
3 
2 
0 


X 
X 
ET1 
EX1 


where: 


eEA 
disables all interrupts. If EA = 0, no interrupt 
will be acknowledged. If EA = I, each inter- 
rupt source is individually enabled or disabled 
by setting or clearing its enable bit. 
enables or disables the Serial Interface Unit in- 
terrupt. If ES = 0, the Serial Interface Unit 
interrupt is disabled. 
enables or disables the Timer 1 Overflow inter- 
rupt. If ETl 
= 0, the Timer 1 interrupt 
is 
disabled. 


inter 


• EXI 
enables or disables External 
Interrupt 
I. If 
EXI = 0, External Interrupt 
I is disabled. 


• ETO 
enables or disables the Timer 0 Overflow inter- 
rupt. If ETO = 0, the Timer 0 interrupt 
is 
disabled. 


IP: Interrupt 
Priority Register (bit-addressable) 


Bit: 
7 
6 
5 
4 
3 
2 
1 
0 


where: 


• PS 
defines the Serial Interface Unit interrupt pri- 
ority level. PS = I programs it to the higher 
priority level. 


• PTI 
defines the Timer I interrupt 
priority level. 


PTI = 
I programs it to the higher priority 
level. 


• PX I 
defines the External Interrupt 
priority level. 


PXI 
= I programs it to the higher priority 
level. 


• PTO 
defines the Timer 0 interrupt 
priority level. 


PTO = I programs it to the higher priority 
level. 


• PXO 
defines the External Interrupt 0 priority level. 
PXO = 
I programs it to the higher priority 
level. 


2.0 
MEMORY 
ORGANIZATION 
DETAILS 


In the 8044 family the memory is organized over three 
address spaces and the program counter. The memory 
spaces shown in Figure 2 are the: 
• 64K-byte Program Memory address space 
• 64K-byte External Data Memory address space 
• 320-byte Internal Data Memory address space 


The 16-bit Program Counter register provides the 8044 
with its 64K addressing 
capabilities. The Program 
Counter allows the user to execute calls and branches 
to any location within the Program Memory space. 
There are no instructions that permit program execu- 
tion to move from the Program Memory space to any 
of the data memory spaces. 


In the 8044 and 8744 the lower 4K of the 64K Program 
Memory address space is filled by internal ROM and 
EPROM, respectively. By tying the EA pin high, the 
processor can be forced to fetch from the internal 
ROMIEPROM 
for Program 
Memory 
addresses 
0 
through 
4K. Bus expansion for accessing Program 
Memory .beyond 4K is automatic since external instruc- 
tion fetches occur automatically 
when the Program 
Counter increases above 4095. If the EA pin is tied low 


all Program Memory fetches are from external memo- 
ry. The execution speed of the 8044 is the same regard- 
less of whether fetches are from internal or external 
Program Memory. If all program storage is on-chip, 
byte location 4095 should be left vacant to prevent an 
undesired prefetch from external Program Memory ad- 
dress 4096. 


Certain locations in Program Memory are reserved for 
specific programs. Locationsסס oo through 0002 are re- 
served for the initialization program. Following reset, 
the CPU always begins execution at locationססOO.Lo- 
cations 0003 through 0042 are reserved for the five in- 
terrupt-request 
service programs. Each resource that 
can request an interrupt requires that its service pro- 
gram be stored at its reserved location. 


The 64K-byte External Data Memory address space is 
automatically accessed when the MOVX instruction is 
executed. 


Functionally the Internal Data Memory is the most 
flexible of the address spaces. The Internal Data Mem- 
ory space is subdivided into a 256-byte Internal Data 
RAM address space and a l28-byte Special Function 
Register address space as shown in Figure 3. 


SPECIAL 
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Figure 3. Internal Data Memory Address Space 


inter 


The Internal Data RAM address space is a to 255. 
Four 8-Register Banks occupy locations a through 31. 
The stack can be located anywhere in the Internal Data 
RAM address space. In addition, 128 bit locations of 
the on-chip RAM are accessible through Direct Ad- 
dressing. These bits reside in Internal Data RAM at 
byte locations 32 through 47. Currently locations a 
through 191 of the Internal Data RAM address space 
are filled with on-chip RAM. 


The stack depth is limited only by the available Internal 
Data RAM, thanks to an 8-bit reloadable Stack Point- 
er. The stack is used for storing the Program Counter 
during subroutine calls and may be used for passing 
parameters. Any byte of Internal Data RAM or Special 
Function Register accessible though Direct Addressing 
can be pushed/popped. 


The Special Function Register address space is 128 to 
255. All registers except the Program Counter and the 
four 8-Register Banks reside here. Memory mapping 
the Special Function Registers allows them to be ac- 
cessed as easily as internal RAM. As such, they can be 
operated on by most instructions. In the overlapping 
memory space (address 128-191), indirect addressing is 
used to access RAM, and direct addressing is used to 


ARITHMETIC 
REGISTERS: 
Accumulator', 
B register', 
Program Status Word' 
POINTERS: 
Stack Pointer, Data Pointer (high & low) 
PARALLEL I/O PORTS: 
Port 3', Port 2*, Port I', Port 0' 
INTERRUPT 
SYSTEM: 
Interrupt Priority Control', 
Interrupt Enable Control' 
TIMERS: 
Timer Mode, Timer Control', 
Timer 1 
(high & low), Timer 0 (high & low) 
SERIAL INTERFACE UNIT: 
Transmit Buffer Start, 
Transmit Buffer Length, 
Transmit Control Byte, 
Send Count Receive Count', 
DMA Count, 
Station Address 
Receive Field Length 
Receive Buffer Start 
Receive Buffer Length 
Receive Control Byte, 
Serial Mode, 
Status Register.' 


'Bits in these registers are bit addressable. 


access the SFR's. The SFR's at addresses 192-255 are 
also accessed using direct 
addressing. 
The 
Special 
Function Registers are listed in Figure 4. Their map- 
ping in the Special Function Register address space is 
shown in Figures 5 and 6. 


Performing a read from a location of the Internal Data 
memory where neither a byte of Internal Data RAM 
(i.e., RAM addresses. 192-255) nor a Special Function 
Register exists will access data of indeterminable value. 


Architecturally, 
each memory space is a linear se- 
quence of 8-bit wide bytes. By Intel convention the 
storage of multi-byte address and data operands in pro- 
gram and data memories is the least significant byte at 
the low-order address and the most significant byte at 
the high-order address. Within byte X, the most signifi- 
cant bit is represented by X.7 while the least significant 
bit is x.a. Any deviation from these conventions will be 
explicitly stated in the text. 


There are five methods of addressing source operands. 
They 
are Register 
Addressing, 
Direct 
Addressing, 
Register-Indirect 
Addressing, 
Immediate 
Addressing 


ARITHMETIC 
REGISTERS: 
Accumulator', 
B register', 
Program Status Word' 
POINTERS: 
Stack Pointer, Data Pointer (high & low) 
PARALLEL I/O PORTS: 
Port 3', Port 2*, Port 1" Port 0' 
INTERRUPT 
SYSTEM: 
Interrupt Priority Control', 
Interrupt Enable Control' 
TIMERS: 
Timer Mode, Timer Control', 
Timer 1 
(high & low), Timer 0 (high & low) 
SERIAL INTERFACE UNIT: 
Serial Mode, Status/Command', 
SendlReceive Count', Station Address, 
Transmit Buffer Start Address, 
Transmit Buffer Length, 
Transmit Control Byte, 
Receive Buffer Start Address, 
Receive Buffer Length, 
Receive Field Length, 
Receive Control Byte, 
DMA Count, 
FIFO (three bytes), 
SIU Controller State Counter 


and 
Base-Register-plus 
Index-Register-Indirect 
Ad- 
dressing. The first three of these methods can also be 
used to address a destination operand. Since operations 
in the 8044 require 0 (NOP only), 1,2,3 or 4 operands, 
these five addressing methods are used in combinations 
to provide the 8044 with its 21 addressing modes. 


Most instructions 
have a "destination, 
source" field 
that specifies the data type, addressing methods and 
operands involved. For operations other than moves, 
the destination operand is also a source operand. For 
example, in "subtract-with-borrow 
A, II 5" the A regis- 
ter receives the result of the value in register A minus 5, 
minus C. 


Most operations involve operands that are located in 
Internal Data Memory. The selection of the Program 
Memory space or External Data Memory space for a 
second operand is determined by the operation mne- 
monic unless it is an immediate operand. The subset of 
the Internal Data Memory being addressed is deter- 
mined by the addressing method and address value. For 
example, the Special Function 
Registers can be ac- 
cessed only through Direct Addressing with an address 
of 128-255. A summary of the operand addressing 
methods is shown in Figure 6. The following para- 
graphs describe the five addressing methods. 


Register Addressing permits access to the eight regis- 
ters (R7-RO) of the selected Register Bank (RB). One of 
the four 8-Register Banks is selected by a two-bit field 
in the PSW. The registers may also be accessed through 
Direct Addressing and Register-Indirect 
Addressing, 
since the four Register Banks are mapped into the low- 
est 32 bytes of internal Data RAM as shown in Figures 
9 and 10. Other Internal Data Memory locations that 
are addressed as registers are A, B, C, AB and DPTR. 


Direct Addressing provides the only means of accessing 
the memory-mapped byte-wide Special Function Regis- 
ters and memory mapped bits within the Special Func- 
tion Registers and Internal Data RAM. Direct Ad- 
dressing of bytes may also be used to access the lower 
128 bytes of Internal Data RAM. Direct Addressing of 
bits gains access to a 128 bit subset of the Special Func- 
tion Registers as shown in Figures 5, 6, 9, and 10. 
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• Register Addressing 
R7-RO 
- 
A, B, C (bit), AB (two bytes), DPTR (double 
byte) 
• Direct Addressing 
Lower 128 bytes of Internal Data RAM 
Special Function Registers 
128 bits in subset of Special Function Register 
address space 
• Register-Indirect Addressing 
Internal Data RAM [@Rl, @RO,@SP (PUSH 
and POP only)] 
Least 
Significant 
Nibbles 
in Internal 
Data 
RAM (@Rl, @RO) 
External Data Memory (@Rl, @RO,@DPTR) 
• Immediate Addressing 
- 
Program Memory (in-code constant) 


• Base-Register-plus Index-Register-Indirect 
Ad· 
dressing 
Program Memory (@ DPTR + A, @ PC + A) 


Figure 8. Operand Addressing Methods 
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Figure 10.Addressing Operands 
In Internal Data Memory 


or RO in the selected Register Bank, or using the con- 
tent of the Stack Pointer (PUSH and POP only), ad- 
dresses the Internal Data RAM. Register-Indirect Ad- 
dressing is also used for accessing the External Data 
Memory. In this case, either Rl or RO in the selected 
Register Bank may be used for accessing locations 
within a 256-byte block. The block number can be pre- 
selected by the contents of a port. The 16-bit Data 
Pointer may be used for accessing any location within 
the full 64K external address space. 


Reset is accomplished by holding the RST pin high for 
at least two machine cycles (24 oscillator periods) while 
the oscillator 
is running. 
The CPU responds by execut- 
ing an internal reset. It also configures the ALE and 
PSEN pins as inputs. (They are quasi-bidirectional.) 
The internal reset is executed during the second cycle in 
which RST is high and is repeated every cycle until 
RST goes low. It leaves the internal registers as follows: 
Register 
Content 
PC 
OOOOH 
A 
OOH 
S 
OOH 
PSW 
OOH 
SP 
07H 
DPTR 
OOOOH 
PO-P3 
OFFH 
IP 
(XXXOOOOO) 
IE 
(OXXOOOOO) 
TMOD 
OOH 
TCON 
OOH 
THO 
OOH 
TLO 
OOH 
TH1 
OOH 
TL1 
OOH 
SMD 
OOH 
STS 
OOH 
NSNR 
OOH 
STAD 
OOH 


TSL 
TCS 
RSS 
RSL 
RFL 
RCS 
DMACNT 
FIF01 
FIF02 
FIF03 
SIUST 
PCON 


OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
01H 
(OXXXXXXX) 


The internal RAM is not affected by reset. When VCC 
is turned on, the RAM content is indeterminate unless 
VPD was applied prior to VCC being turned off (see 
Power Down Operation.) 


4.0 
RUPITM-44 FAMILY 
PIN 
DESCRIPTION 


VCC: Supply voltage during 
programming 
(of the 
8744), verification (of the 8044 or 8744), and normal 
operation. 


Port 0: Port 0 is an 8-bit open drain bidirectional I/O 
port. It is also the multiplexed low-order address and 
data bus during accessses to external memory (during 
which accesses it activates internal pullups). It also out- 
puts instruction bytes during program verification. (Ex- 
ternal 
pullups 
are required 
during 
program 
verifi- 
cation.) Port 0 can sink eight LS ITL inputs. 


Port 1: Port I is an 8-bit bidirectional I/O port with 
internal pullups. It receives the low-order address byte 
during program verification in the 8044 or 8744. Port I 
can sink/source four LS ITL inputs, It can drive MOS 
inputs without external pullups. 


Two of the Port 
listed below: 


Port Pin 
Alternate 
Function 
RTS (R~est 
to Send). In a non-loop configu- 
ration, RTS signals that the 8044 is ready to 
transmit data. 


8044 Serial Interface 
20 


The serial interface provides a high-performance com- 
munication link. The protocol used for this communi- 
cation is based on the IBM Synchronous Data Link 
Control (SDLe). 
The serial interface also supports a 


subset of the ISO HDLC (International Standards Or- 
ganization High-Level Data Link Control) protocol. 


The SDLC/HDLC 
protocols have been accepted as 


standard protocols for many high-level teleprocessing 
systems. The serial interface performs many of the 
functions required to service the data link without in- 
tervention from the 8044's own CPU. The programmer 
is free to concentrate on the 8044's function as a periph- 
eral controller, rather than having to deal with the de- 
tails of the communication process. 


Five pins on the 8044 are involved with the serial inter- 
face: 


Pin 7 
Pin 8 
Pin 10 
Pin 11 
Pin 15 


RTSIP16 
CTS/PI7 
I/OIRXDIP30 
DATA/TXD/P3l 
SCLKlTlI1P35 


Figure 1 is a functional block diagram of the serial in- 
terface unit (SIU). More details on the SIU hardware 
are given later in this chapter. 


The serial interface is capable of operating in three seri- 
al data link configurations: 
1) Half-Duplex, point-to-point 
2) Half-Duplex, multipoint (with a half-duplex or full- 
duplex primary) 


3) Loop 


Figure 2 shows these three configurations. The RTS 
(Request to Send) and CTS (Clear to Send) hand-shak- 
ing signals are available in the point-to-point and multi- 
point configurations. 


The serial interface can operate in an externally clocked 
mode or in a self clocked mode. 


In the externally clocked mode, a common Serial Data 
Clock (SCLK on pin 15) synchronizes the serial bit 
stream. This clock signal may come from the master 
CPU or primary station, or from an external phase- 
locked loop local to the 8044. Figure 3 illustrates the 
timing relationships for the serial interface signals when 
the externally clocked mode is used in point-to-point 
and multipoint data link configurations. 


Incoming data is sampled at the rising edge of SCLK, 
and outgoing data is shifted out at the falling edge of 
SCLK. More detailed timing information is given in the 
8044 data sheet. 


The self clocked mode allows data transfer without a 
common system data clock. Using an on-chip DPLL 
(digital phase locked loop) the serial interface recovers 
the data clock from the data stream itself. The DPLL 
requires a reference clock equaI-to either 16 times or 32 
times the data rate. This reference clock may be exter- 
nally supplied or internally generated. When the serial 
interface generates this clock internally, it uses either 
the 8044's internal logic clock (half the crystal frequen- 
cy's PH2) or the "timer 1" overflow. Figure 4 shows 
the serial interface signal timing relationships for the 
loop configuration, when the unclocked mode is used. 


The DPLL monitors the received data in order to de- 
rive a data clock that is centered on the received bits. 
Centering is achieved by detecting all transitions of the 
received data, and then adjusting the clOCktransition 
(in increments of 'I,. bit period) toward the center of 
the received bit. The DPLL converges to the nominal 
bit center within eight bit transitions, worst case. 


To aid in the phase locked loop capture process, the 
8044 has a NRZI (non-return-to-zero inverted) data en- 
coding and decoding option. NRZI 
coding specifies 


that a signal does not change state for a transmitted 
binary 1,but does change state for a binary o. Using the 
NRZI coding with zero-bit insertion, it can be guaran- 
teed that an active signal line undergoes a transition at 
least every six bit times. 


The maximum data rate in the externally clocked mode 
is 204M bits per second (bps) a half-duplex configura- 
tion, and l.OM in a loop configuration. 
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clock, the maximum data rate is 375K bps. 


In the self clocked mode with an internally generated 
reference clock, and the S044 operating with a 12 MHz 
crystal, the available data rates are 244 bps to 62.5K 
bps, IS7.5K bps and 375K bps. 


For more details see the table in the SMD register de- 
scription, below. 


The Serial Interface Unit (SID) can operate in either of 
two response modes: 


I) AUTO mode 
2) FLEXIBLE (NON-AUTO) mode 


In the AUTO mode, the SIU performs in hardware a 
subset of the SDLC protocol called the normal re- 
sponse mode. The AUTO mode enables the SIU to rec- 
ognize and respond to certain kinds of SDLC frames 
without 
intervention 
from the S044's CPU. AUTO 
mode provides a faster turnaround 
time and a simpli- 
fied software interface, whereas NON-AUTO 
mode 
provides a greater flexibility with regard to the kinds of 
operation permitted. 


In AUTO mode, the S044 can act only as a normal 
response mode secondary station-that 
is, it can trans- 
mit only when instructed to do so by the primary sta- 
tion. All such AUTO mode responses adhere strictly to 
IBM's SDLC definitions. 


In the FLEXIBLE mode, reception or transmission of 
each frame by the SIU is performed under the control 
of the CPU. In this mode the s044 can be either a 
primary station or a secondary station. 


In both AUTO and FLEXIBLE modes, short frames, 
aborted frames, or frames which have had CRC's are 
ignored by the sm. 


~ 
Address IControl IInformation I~ 


Format variations consist of omitting one or more of 
the fields in the SDLC frame. For example, a superviso- 
ry frame is formed by omitting the information field. 
Supervisory 
frames 
are 
used 
to 
confirm 
received 
frames, indicate ready or busy conditions, and to report 
errors. More details on frame formats are given in the 
SDLC Frame Format Options section, below. 


To enable the SIU to receive a frame in AUTO mode, 
the S044 CPU sets up a receive buffer. This is done by 
writing two registers-Receive 
Buffer Start (RBS) Ad- 


dress and Receive Buffer Length (RBL). 


The SIU receives the frame, examines the control byte, 
and takes the appropriate action. If the frame is an 
information frame, the SIU will load the receive buffer, 
interrupt the CPU (to have the receive buffer read), and 
make the required acknowledgement to the primary 
station. Details on these processes are given in the Op- 
eration section, below. 


In addition to receiving the information frames, the 
SIU in AUTO mode is capable of responding to the 
following commands (found in the control field of su- 
pervisory frames) from the primary station: 


RR (Receive Ready): Acknowledges that the Primary 
station has correctly received numbered 
frames up 


through NR - 
I, and that it is ready to receive frame 


NR' 


RNR (Receive Not Ready): Indicates a temporary busy 
condition (at the primary station) due to buffering or 
other internal constraints. The quantity NR in the con- 
trol field indicates the number of the frame expected 
after the busy condition ends, and may be used to ac- 
knowledge the correct 
reception 
of the frames up 


through NR - 
1. 


REI (Reject): Acknowledges the correct reception of 
frames up through NR - 
I, and requests transmission 


or retransmission starting at frame NR. The S044 is 
capable of retransmitting 
at most the previous frame, 


and then only if it is still available in the transmit buff- 
er. 


UP (Unnumbered 
Poll): Also called NSP (Non-Se- 


quenced Poll) or ORP (Optional Response Poll). This 
command is used in the loop configuration. 


To enable the SIU to transmit an information frame in 
AUTO mode, the CPU sets up a transmit buffer. This 
is done by writing two registers-Transmit 
Buffer Start 


(TBS) Address and Transmit Buffer Length (TBL), and 
filling the transmit buffer with the information to be 
transmitted. 


When the transmit buffer is full, the SIU can automati- 
cally (without CPU intervention) send an information 
frame (I-frame) with the appropriate 
sequence num- 


bers, when the data link becomes available (when the 
S044 is polled for information). 
After the SIU has 


transmitted the I-frame, it waits for acknowledgement 
from the receiving station. If the acknowledgement is 
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negative, the SIU retransmits the frame. If the ac- 
knowledgement is positive, the SIU interrupts the 
CPU, to indicate that the transmit buffer may be re- 
loaded with new information. 
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In addition to transmitting the information frames, the 
SIU in AUTO mode is capable of sending the following 
responses to the primary station: 


RR (Receive Ready): Acknowledges that the 8044 has 
correctly 
received 
numbered 
frames 
up 
through 
NR - 
I, and that it is ready to receive frame NR. 


RNR (Receive Not Ready): Indicates a temporary busy 
condition (at the 8044) due to butTering or other inter- 
nal constraints. The quantity NR in the control field 
indicates the number of the frame expected after the 
busy condition ends, and acknowledges the correct re- 
ception of the frames up through NR - 
1. 


In the FLEXIBLE 
(or non-auto) mode, all reception 
and transmission is under the control of the CPU. The 
full SOLC and HOLC protocols can be implemented, 
as well as any bit-synchronous variants of these proto- 
cols. 


FLEXIBLE 
mode 
provides 
more 
flexibility 
than 
AUTO mode, but it requires more CPU overhead, and 
much longer recognition and response times. This is 
especially true when the CPU is servicing an interrupt 
that has higher priority than the interrupts from the 
sm. 


In FLEXIBLE mode, when the SIU receives a frame, it 
interrupts the CPU. The CPU then reads the control 
byte from the Receive Control Byte (RCB) register. If 
the received frame is an information frame, the CPU 
also reads the information from the receive butTer, ac- 
cording to the values in the Receive ButTerStart (RBS) 
address register and the Received Field Length (RFL) 
register. 


In FLEXIBLE 
mode, the 8044 can initiate transmis- 
sions without being polled, and thus it can act as the 
primary station. To initiate transmission or to generate 
a response, the CPU sets up and enables the SIU. The 
SIU then formats and transmits 
the desired frame. 
Upon completion of the transmission, without waiting' 
for a positive acknowledgement from the receiving sta- 
tion, the SIU interrupts the CPU. 


As mentioned above, variations on the basic SOLC 
frame consist of omitting one or more of the fields. The 
choice of which fields to omit, as well as the selection of 
AUTO mode versus FLEXIBLE mode, is specified by 
the settings of the following three bits in the Serial 
Mode Register (SMO) and the Status/Control 
Register 
(STS): 
SMO Bit 0: NFCS (No Frame Check Sequence) 


SMO Bit I: NB (Non-ButTered Mode-No 
Control 
Field) 
STS Bit I: AM (AUTO Mode or Addressed Mode) 


Figure 5 shows how these three bits control the frame 
format. 


The following paragraphs discuss some properties of 
the standard 
SOLC format, and the significance of 
omitting some of the fields. 


The standard SOLC format consists of an opening flag, 
an 8-bit address field, an 8-bit control field, an n-byte 
information 
field, a 16-bit Frame 
Check 
Sequence 
(FCS), and a closing flag. The FCS is based on the 
CCITT-CRC polynominal (X16 + X12 + X5 + 1). 
The address and control fields may not be extended. 
Within the 8044, the address field is held in the Station 
Address (STAO) register, and the control field is held 
in the Receive Control Byte (RCB) or Transmit Con- 
trol Byte (TCB) register. The standard SOLC format 
may be used in either AUTO mode or FLEXIBLE 
mode. 


5.2 
No Control Field (Non-Buffered 
Mode) 


When the control field is not present, the RCB and 
TCB registers are not used. The information field be- 
gins immediately after the address field, or, if the ad- 
dress field is also absent, immediately after the opening 
flag. The entire information field is stored in the 8044's 
on-chip RAM. If there is no control field, FLEXIBLE 
mode must be used. Control 
information 
may, of 
course, be present in the information field, and in this 
manner the No Control Field option may be used for 
implementing extended control fields. 


5.3 
No Control Field and No Address 
Field 


The No Address Field option is available only in con- 
juction with the No Control Field option. The STAD, 
RCB, and TCB registers are not used. When both these 
fields are absent, the information field begins immedi- 
ately after the opening flag. The entire information field 
is stored in on-chip RAM. FLEXIBLE mode must be 
used. Formats without an address field have the follow- 
ing applications: 


Point-to-point data links (where no addressing is neces- 
sary) 


Monitoring line activity (receiving all messages regard- 
less of the address field) 


----~ 


NOTE: 
The AMbit is AUTOmode control bitwhen NB = 0, and Address Modecontrol bitwhen NB = 1. 


In the normal case (NFCS = 0), the last 16 bits before 
the closing flag are the Frame Check Sequence (FCS) 
field. These bits are not stored in the 8044's RAM. 
Rather, they are used to compute a cyclic redundancy 
check (CRe) on the data in the rest of the frame. A 
received frame with a CRC error (incorrect FCS) is 
ignored. In transmission, the FCS field is automatically 
computed by the SIU, and placed in the transmitted 
frame just prior to the closing flag. 


The NFCS bit (SMD Bit 0) gives the user the capability 
of overriding this automatic feature. When this bit is set 
(NFCS = I), all bits from the beginning of the infor- 
mation field to the beginning of the closing flag are 
treated as part of the information field, and are stored 


in the on-chip RAM. No FCS checking is done on the 
received frames, and no FCS is generated for the trans- 
mitted frames. The No FCS Field option may be used 
in conjunction with any of the other options. It is typi- 
cally used in FLEXIBLE mode, although it does not 
strictly include AUTO mode. Use of the No FCS Field 
option AUTO Mode may, however, result in SDLC 
protocol 
violations, since the data 
integrity 
is not 
checked by the SIU. 


Formats without an FCS field have the following appli- 
cations: 


Receiving and transmitting 
frames without verifying 
data integrity. 


Using an alternate CRC-16 polynomial (such as X16 + 
XIS + X2 + I), or a 32-bit CRC 


Performing data link diagnosis by forcing false CRCs 
to test error detection mechanisms 


In addition to the applications mentioned above, all of 
the format variations are useful in the support of non- 
standard bit-synchronous protocols. 


In addition to its support of SDLC communications, 
the 8044 also supports 
some of the capabilities of 
HDLC. The following remarks indicate the principal 
differences between SDLC and HDLC. 


HDLC permits any number of bits in the information 
field, whereas SDLC requires a byte structure (multiple 
of 8 bits). The 8044 itself operates on byte boundaries, 
and thus it restricts fields to multiples of 8 bits. 


HDLC provides functional extensions to SDLC: an un- 
limited address field is allowed, and extended frame 
number sequencing. 


HDLC does not support operation in loop configura- 
tions. 


7.0 SIU SPECIAL 
FUNCTION 
REGISTERS 


The 8044 CPU communicates with and controls the 
SIU through hardware registers. These registers are ac- 
cessed using direct addressing. The SIU special func- 
tion registers (SIU SFRs) are of three types: 


Control and Status Registers 
Parameter Registers 
ICE Support Registers 


Serial Mode Register (SMD) 
Status/Command 
Register (STS) 
SendlReceive Count Register (NSNR) 


The SMD, STS, and NSNR registers are all cleared by 
system reset. This assures that the SIU will power up in 
an idle state (neither receiving nor transmitting). 


These registers and their bit assignments are described 
below (see also the More Details on Registers section). 


SMD: SERIAL 
MODE 
REGISTER 
(BYTE-ADDRESSABLE) 
Bit? 
6 
543 


The Serial Mode Register (Address C9H) selects the 
operational modes of the SIU. The 8044 CPU can both 
read and write SMD. The SIU can read SMD but can- 
not write to it. To prevent conflict between CPU and 
SIU access to SMD, the CPU should write SMD only 
when the Request To Send (RTS) and Receive Buffer 
Empty (RBE) bits (in the STS register) are both false 
(0). Normally, SMD is accessed only during initializa- 
tion. 


The individual bits of the Serial Mode Register are as 
follows: 
Blt# 
SMD.O 


SMD.3 
SMD.4 
SMD.5 
SMD.6 
SMD.7 


Name 
NFCS 


LOOP 
NRZI 
SCMO 
SCM1 
SCM2 


Description 
No FCS field in the SDLC 
frame. 
Noon-Buffered 
mode. 
No 
control field in the SDLC 
frame. 
Pre-Frame Sync mode. In 
this 
mode, 
the 
8044 
transmits two bytes before 
the first flag of a frame, for 
DPLL 
synchronization. 
If 
NRZI is enabled, OOH is 
sent; otherwise, 55H is sent. 
In either case, 16 pre-frame 
transitions are guaranteed. 
Loop configuration. 
NRZI coding option. 
Select Clock Mode-Bit 
0 
Select Clock Mode-Bit 
1 
Select Clock Mode-Bit 
2 


SCM 
Clock Mode 
Data Rate 
210 
(Bits/see)" 


000 
Externally clocked 
0-2.4M"" 
001 
Undefined 
010 
Self clocked, timer overflow 
244-62.5K 
011 
Undefined 
1 0 0 
Self clocked, external 16x 
0-375K 
1 0 1 
Self clocked, external 32x 
0-187.5K 
110 
Self clocked, internal fixed 
375K 
1 1 1 
Self clocked, internal fixed 
187.5K 
•Based on a 12 MHz crystal frequency 
··O-1M bps in loop configuration 


The Status/Command 
Register (Address C8H) pro- 
vides operational control of the SIU by the 8044 CPU, 
and enables the SIU to post status information for the 
CPU's access. The SIU can read STS, and can alter 
certain bits, as indicated below. The CPU can both read 
and write STS asynchronously. However, 2-cycle in- 
structions that access STS during both cycles ('JBCIB, 
REL' and 'MOV /B,C.') should not be used, since the 
SIU may write to STS between the two CPU accesses. 


The individual bits of the Status/Command 
Register 
are as follows: 
Blt# 
Name 


STS.O 
RBP 


Description 


Receive 
Buffer Protect. 
Inhibits 
writing of data into the receive 
buffer. In AUTO mode, RBP 
forces an RNR response 
instead of an RR. 
AUTO Model Addressed 
Mode. 
Selects AUTO mode where 
AUTO mode is allowed. 
If NB is 
true, (= 1), the AM bit selects 
the addressed 
mode. AM may 
be cleared 
by the SIU. 
Optional 
Poll Bit. Determines 
whether 
the SIU will generate 
an AUTO response 
to an 
optional 
poll (UP with P = 0). 
OPB may be set or cleared 
by 
the SIU. 
Receive 
Buffer Overrun. 
BOV 
may be set or cleared 
by the 
SIU. 
SIU Interrupt. This is one of the 
five interrupt 
sources to the 
CPU. The vector 
location 
= 
23H. SI may be set by the SIU. 
It should be cleared 
by the CPU 
before returning from an 
interrupt 
routine. 
Request 
To Send. Indicates 
that the 8044 is ready to 
transmit 
or is transmitting. 
RTS 
may be read or written by the 
CPU. RTS may be read by the 
SIU, and in AUTO mode may 
be written 
by the SIU. 
Receive 
Buffer Empty. RBE 
can be thought 
of as Receive 
Enable. RBE is set to one by 
the CPU when it is ready to 
receive a frame, or has just 
read the buffer, and to zero by 
the SIU when a frame has been 
received. 


Blt# 


STS.7 


Name 


TBF 


Description 


Transmit 
Buffer Full. Written 
by 
the CPU to indicate 
that it has 
filled the transmit 
buffer. TBF 
may be cleared 
by the SIU. 


The SendlReceive Count Register (Address D8H) con- 
tains the transmit and receive sequence numbers, plus 
tally error indications. The SIU can both read and 
write NSNR. The 8044 CPU can both read and write 
NSNR asynchronously. However, 2-cycle instructions 
that access NSNR during both cycles ('JBC IB, REL', 
and 'MOV IB,C') should not be used, since the SIU 
may write to NSNR between the two 8044 CPU access- 
es. 


The individual bits of the SendlReceive Count Register 
are as follows: 


Blt# 
Name 
Description 


NSNR.O 
SER 
Receive Sequence 
Error: 
NS (P) *- NR (S) 


NSNR.1 
NRO 
Receive Sequence 
Counter-Bit 
0 


NSNR.2 
NR1 
Receive Sequence 
Counter-Bit 
1 


NSNR.3 
NR2 
Receive 
Sequence 
Counter-Bit 
2 


NSNRA 
SES 
Send Sequence 
Error: 
NR (P) *- NS (S) and 
NR (P) *- NS (S) + 1 


NSNR.5 
NSO 
Send Sequence 
Counter-Bit 
0 


NSNR.6 
NS1 
Send Sequence 
Counter-Bit 
1 


NSNR.7 
NS2 
Send Sequence 
Counter-Bit 
2 


There are eight parameter registers that are used in 
connection with SIU operation. All eight registers may 
be read or written by the 8044 CPU. RFL and RCB are 
normally loaded by the SIU. 


STAD: 
STATION 
ADDRESS 
REGISTER 
(BYTE-ADDRESSABLE) 


The Station Address register (Address CEH) contains 
the station address. To prevent access conflict, the CPU 
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should access STAD only when the SIU is idle (RTS = 
o and RBE = 0). Normally, STAD is accessed only 
during initialization. 


TBS: TRANSMIT 
BUFFER 
START 
ADDRESS 
REGISTER 
(BYTE-ADDRESSABLE) 


The Transmit Buffer Start address register (Address 
DCH) points to the location in on-chip RAM for the 
beginning of the I-field of the frame to be transmitted. 
The CPU should access TBS only when the SIU is not 
transmitting a frame (when TBF = 0). 


TBL: TRANSMIT 
BUFFER 
LENGTH 
REGISTER 
(BYTE-ADDRESSABLE) 


The Transmit Buffer Length register (Address DBH) 
contains the length (in bytes) of the I-field to be trans- 
mitted. A blank I-field (TBL = 0) is valid. The CPU 
should access TBL only when the SIU is not transmit- 
ting a frame (when TBF = 0). 


NOTE: 
The transmit and receive buffers are not allowed to 
"wrap around" in the on-chip RAM. A "buffer end" 
is automatically 
generated if address 
191 (BFH) is 
reached. 


TCB: TRANSMIT 
CONTROL 
BYTE REGISTER 
(BYTE-ADDRESSABLE) 


The Transmit Control Byte register (Address DAH) 
contains the byte which is to be placed in the control 
field of the transmitted 
frame, during NON-AUTO 
mode transmission. The CPU should access TCB only 
when the SIU is not transmitting a frame (when TBF 
= 0). The Ns and NR counters are not used in the 
NON-AUTO mode. 


RBS: RECEIVE 
BUFFER 
START 
ADDRESS 
REGISTER 
(BYTE-ADDRESSABLE) 


The Receive Buffer Start address register (Address 
CCH) points to the location in on-chip RAM where the 
beginning of the I-field of the frame being received is to 
be stored. The CPU should write RBS only when the 
SIU is not receiving a frame (when RBE = 0). 


RBL: RECEIVE 
BUFFER 
LENGTH 
REGISTER 
(BYTE-ADDRESSABLE) 


The Receive Buffer Length register (Address CBH) 
contains the length (in bytes) of the area in on-chip 
RAM allocated for the received I-field. RBL = 0 is 
valid. The CPU should write RBL only when RBE = 
O. 


RFL: RECEIVE 
FIELD 
LENGTH 
REGISTER 
(BYTE-ADDRESSABLE) 


The Received Field Length register (Address CDH) 
contains the length (in bytes) of the received I-field that 
has just been loaded into on-chip RAM. RFL is loaded 
by the sm. RFL = 0 is valid. RFL should be accessed 
by the CPU only when RBE = O. 


RCB: RECEIVE 
CONTROL 
BYTE REGISTER 
(BYTE-ADDRESSABLE) 


The Received Control Byte register (Address CAH) 
contains the control field of the frame that has just been 
received. RCB is loaded by the SIU. The CPU can only 
read RCB, and should only access RCB when RBE = 
O. 


The 8044 In-Circuit Emulator (ICE-44) allows the user 
to exercise the 8044 application system and monitor the 
execution of instructions in real time. 


The emulator operates with Intel's Intellec@ develop- 
ment system. The development system interfaces with 
the user's 8044 system through an in-cable buffer box. 
The cable terminates in a 8044 pin-compatible plug, 
which fits into the 8044 socket in the user's system. 
With the emulator plug in place, the user can exercise 
his system in real time while collecting up to 255 in- 
struction cycles of real-time data. In addition, he can 
single-step the program. 


Static RAM is available (in the in-cable buffer box) to 
emulate the 8044 internal and external program memo- 
ry and external data memory. The designer can display 
and alter the contents of the replacement memory in 
the buffer 1.Jox,the internal data memory, and the inter- 
nal 8044 registers, including the SFRs. 


Among the SIU SFRs are the following registers that 
support the operation of the ICE: 


DMA CNT: DMA COUNT 
REGISTER 
(BYTE-ADDRESSABLE) 


The DMA Count register (Address CFH) indicates the 
number of bytes remaining in the information block 
that is currently being used. 


FIFO: THREE-BYTE 
(BYTE-ADDRESSABLE) 


The Three-Byte 
FIFO 
(Address 
DDH, 
DEH, 
and 
DFH) is used between the eight-bit shift register and 
the information buffer when an information block is 
received. 


Table 1. SIUST Status Sequences 


Frame Option 


NFCS 
NB 
AM 


Example 
1: 


Frame Format 
0 
0 


SIUSTValue 


Example 2: 


Frame Format 
0 


SIUSTValue 


Example 
3: 


Frame Format 
0 
0 


SIUSTValue 


Example 4: 


Frame Format 


SIUSTValue 


ExampleS: 


Frame Format 


~ 


I 5Ij 


0 


SIUSTValue 
01 
01 
28 


Example 
6: 


Frame Format 
I OVERFLOW 
0 
0 


SIUSTValue 
30 
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The SIU State Counter (Address D9H) reflects the 
state of the internal logic which is under SIU control. 
Therefore, care must be taken not to write into this 
register. 


The SIUST register can serve as a helpful aid to deter- 
mine which field of a receive frame that the SIU ex- 
pects next. The table below will help in debugging 8044 
reception problems. 


SIUST 
Function 
Value 


01H 
Waiting for opening flag. 


08H 
Waiting for address field. 


10H 
Waiting for control field. 


18H 
Waiting for first byte of I field. This state 
is only entered 
if a FCS is expected. 
It 
pushes the received 
byte onto the top of 
the FIFO. 


20H 
Waiting for second 
byte of I field. This 
state always follows 
state 18H. 


SIUST 
Function 
Value 


28H 
Waiting for I field byte. This state can be 
entered from state 20H or from states 
01 H, 08H, or 10H depending 
upon the 
SIU's mode configuration. 
(Each time a 
byte is received, 
it is pushed onto the top 
of the FIFO and the byte at the bottom 
is 
put into memory. 
For no FCS formatted 
frames, the FIFO is collapsed 
into a 
single register). 


30H 
Waiting for the closing flag after having 
overflowed 
the receive buffer. Note that 
even if the receive frame overflows 
the 
assigned 
receive buffer length, the FCS 
is still checked. 


Examples of SIUST status sequences for different frame 
formats are shown below. Note that status changes af- 
ter acceptance of the received field byte. 
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The sm is initialized by a reset signal (on pin 9), fol- 
lowed by write operations to the SIU SFRs. Once ini· 
tialized, the SIU can function in AUTO mode or NON- 
AUTO mode. Details are given below. 


Figure 6 is the SIU. Registers SMD, STS, and NSNR 
are cleared by reset. This puts the 8044 into an idle 
state-neither 
receiving nor transmitting. The follow- 


ing registers must be initialized before the 8044 leaves 
the idle state: 
STAD 
- 
to establish the 8044's SDLC station ad- 
dress. 
SMD 
- 
To configure the 8044 for the proper op- 
erating mode. 


RBS, RBL - 
to define the area in RAM allocated for 
the Receive Buffer. 


END-OF· 
FRAME 
FLEXIBLE 
MODE 


TBS, TBL - 
to define the area in RAM allocated for 
the Transmit Buffer. 


Once these registers have been initialized, the user may 
write to the STS register to enable the SIU to leave the 
idle state, and to begin transmits and/or receives. 


Setting RBE to I enables the SIU for receive. When 
RBE = I, the SIU monitors the received data stream 
for a flag pattern. When a flag pattern is found, the SIU 
enters Receive mode and receives the frame. 


Setting RTS to I enables the SIU for transmit. When 
RTS = I, the SIU monitors the received data stream 
for a GA pattern (loop configuration) or waits for a 
CTS (non-loop configuration). When the GA or CTS 
arrives, the SIU enters Transmit mode and transmits a 
frame. 


In AUTO mode, the SIU sets RTS to enable automatic 
transmissions of appropriate responses. 


STAT 
AEG 
= ABE. FLAG 
STAT 
XMIT 
= ATS. (GTS. LOOP 
+ GA.LOOP) 
WAIT 
= NOT (STAT 
AEG + STAT 
XMIT) 
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Figure 7 illustrates the receive operations in AUTO 
mode. The overall operation is shown in Figure 7a. Par- 
ticular cases are illustrated in Figures 7b through 7j. If 
any Unnumbered Command other than UP is received, 
the AM bit is cleared and the SIU responds as if in the 
FLEXIBLE mode, by interrupting the CPU for super- 
vision. This will also happen if a BOY or SES condition 
occurs. If the received frame contains a poll, the SIU 
sets the RTS bit to generate a response. 


Figure 8 illustrates the transmit operations in AUTO 
mode. When the SIU gets the opportunity to transmit, 
and if the transmit buffer is full, it sends an I-frame. 
Otherwise, it sends an RR if the buffer is free, or an 
RNR if the buffer is protected. The sequence counters 
NS and NR are used to construct the appropriate con- 
trol fields. 


Figure 9 shows how the CPU responds to an SI (serial 
interrupt) in AUTO mode. The CPU tests the AM bit 
(in the STS register). If AM = 1, it indicates that the 
SIU has received either an I-frame, or a positive re- 
sponse to a previously transmitted I-frame. 


Figure 10 illustrates the receive operations in NON- 
AUTO mode. When the SIU successfully completes a 
task, it clears RBF and interrupts the CPU by setting 
SI to I. The exact CPU response to SI is determined by 
software. A typical response is shown in Figure 11. 


Figure 12 illustrates the transmit operations in FLEX- 
IBLE mode. The SIU does not wait for a positive ac- 
knowledge response to the transmitted frame. Rather, it 
interrupts the CPU (by setting SI to 1) as soon as it 
finishes transmitting 
the frame. The exact CPU re- 
sponse to SI is determined by software. A typical re- 
sponse is shown in Figure 13. This response results in 
another transmit frame being set up. The sequence of 
operations shown in Figure 13 can also be initiated by 
the CPU, without an SI. Thus the CPU can initiate a 
transmission in FLEXIBLE mode without a poll, sim- 
ply by setting the RTS bit in the STS register. The RTS 
bit is always used to initiate a transmission, but it is 
applied to the RTS pin only when a non-loop configu- 
ration is used. 


The following facts should be noted: 
1) In a non-loop configuration, one or two bits are 
transmitted before the opening flag. This is neces- 
sary for NRZI synchronization. 


2) In a non-loop configuration, one to eight extra drib- 
ble bits are transmitted after the closing flag. These 
bits are a zero followed by ones. 
3) In a loop configuration, when a GA is received and 
the 
8044 begins 
transmitting, 
the 
sequence 
is 
01111110101111110 ... 
(FLAG, 
1, FLAG, 
AD- 
DRESS, etc.). The first flag is created from the GA. 
The second flag begins the message. 


4) CTS is sampled after the rising edge of the serial 
data, at about the center of the bit cell, except dur- 
ing a non-loop, externally clocked mode transmit, in 
which case it is sampled just after the falling edge. 


5) The SIU does not check for illegal I-fields. In partic- 
ular, if a supervisory command is received in AUTO 
mode, and if there is also an I-field, it will be loaded 
into the receive buffer (if RBP = 0), but it cannot 
cause a BOY. 
6) In relation to the Receive Buffer Protect facility, the 
user should set RFL to 0 when clearing RBP, such 
that, if the SIU is in the process of receiving a 
frame, RFL will indicate the proper value when re- 
ception of the frame has been completed. 


In AUTO mode, the SIU generates an RTS immediate- 
ly upon being polled. Assuming that the 8044 sends an 
information frame in response to the poll, the primary 
station sends back an acknowledgement. If, in this ac- 
knowledgement, the 8044 is polled again, a response 
may be generated even before the CPU gets around to 
processing the interrupt caused by the acknowledge. In 
such a case, the response would be an RR (or RNR), 
since TBF would have been set to 0 by the SIU, due to 
the acknowledge. 


If the system designer does not wish to take up channel 
time with RR responses, but prefers to generate a new 
I-frame as a response, there are several ways to accom- 
plish this: 
1) Operate the 8044 in FLEXIBLE mode. 
2) Specify that the master should never acknowledge 
and poll in one message. This is typically how a loop 
system operates, with the poll operation confined to 
the UP command. This leaves plenty of time for the 
8044 to get its transmit buffer loaded with new in- 
formation after an acknowledge. 


3) The 8044 CPU can clear RTS. This will prevent a 
response from being sent, or abort it if it is already 
in progress. A system using external RTS/CTS 
handshaking could use a one-shot delay RTS or 
CTS, thereby giving the CPU more time to disable 
the response. 
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9.0 
MORE DETAILS 
ON SIU 
HARDWARE 


The SIU divides functionally into two sections-a 
bit 
processor (BIP) and a byte processor (BYP}-sharing 
some common timing and control logic. As shown in 
Figure 14, the BIP operates between the serial port pins 
and the SIU bus, and performs all functions necessary 
to transmit/receive 
a byte of data to/from 
the serial 
data stream. These operations include shifting, NRZI 
encoding/decoding, 
zero insertion/deletion, 
and FCS 
generation/checking. 
The BYP manipulates bytes of 
data to perform message formatting, and other trans- 
mitting and receiving functions. It operates between the 
SID bus (SIB) and the 8044's internal bus (IB). The 
interface between the SIU and the CPU involves an 
interrupt and some locations in on-ehip RAM space 
which are managed by the BYP. 


The maximum possible data rate for the serial port is 
limited to '/. the internal clock rate. This limit is im- 
posed by both the maximum rate of DMA to the on- 
chip RAM, and by the requirements of synchronizing 
to an external clock. The internal clock rate for an 8044 
running on a 12 MHz crystal is 6 MHz. Thus the maxi- 
mum 8044 serial data rate is 3 MHz. This data rate 
drops down to 2.4 MHz when time is allowed for exter- 
nal clock synchronization. 


In the asynchronous (self clocked) modes the clock is 
extracted from the data stream using the on-chip digital 
phase-locked-loop (DPLL). The DPLL requires a clock 
input at 16 times the data rate. This 16 X clock may 
originate from SCLK, Timer 1 Overflow, or PH2 (one 
half the oscillator frequency). The extra divide by-two 
described above allows these sources to be treated alter- 
natively as 32 X clocks. 


The DPLL is a free-running four-bit counter running 
off the 16 X clock. When a transition is detected in the 
receive data stream, a count is dropped (by suppressing 
the carry-in) if the current count value is greater than 8. 
A count is added (by injecting a carry into the second 
stage rather than the first) if the count is less than 8. No 
adjustment is made if the transition occurs at the count 
of 8. In this manner the counter locks in on the point at 
which transitions in the data stream occur at the count 
of 8, and a clock pulse is generated when the count 
overflows to O. 


In order to perform NRZI decoding, the NRZI decod- 
er compares each bit of input data to the previous bit. 
There are no clock delays in going through the NRZI 
decoder. 


The zero insert/delete 
circuitry (ZID) performs zero 
insertion/deletion, 
and also detects flags, GA's (Go- 


Ahead's), 
and aborts 
(same as GA's) 
in the data 
stream. The pattern 
1111110 is detected as an early 
GA, so that the GA may be turned into a flag for loop 
mode transmission. 


The shut-off detector monitors the receive data stream 
for a sequence of eight zeros, which is a shut-off com- 
mand for loop mode transmissions. The shut-off detec- 
tor is a three-bit counter which is cleared whenever a 
one is found in the receive data stream. Note that the 
ZID logic could not be used for this purpose, because 
the receive data must be monitored even when the ZID 
is being used for transmission. 


As an example of the operation of the bit processor, the 
following sequence occurs in relation to the receive 
data: 
1) RXD is sampled by SCLK, and then synchronized 
to the internal processor clock (IPC). 


2) If the NRZI mode is selected, the incoming data is 
NRZI decoded. 


3) When receiving other than the flag pattern, the ZID 
deletes the '0' after 5 consecutive 'l's (during trans- 
mission this zero is inserted). The ZID locates the 
byte boundary for the rest of the circuitry. The ZID 
deletes the 'O's by preventing the SR (shift register) 
from receiving a clocking pulse. 


4) The FCS (which is a function of the data between 
the flags-not 
including the flags) is initialized and 
started at the detection of the byte boundary at the 
end of the opening flag. The FCS is computed each 
bit boundary until the closing flag is detected. Note 
that the received FCS has gone through the ZID 
during transmission. 


Figure 15 is a block diagram of the byte processor 
(BYP). The BYP contains the registers and controllers 
necessary to perform the data manipulations associated 
with SDLC communications. The BYP registers may 
be read or written by the CPU over the 8044's internal 
bus (IB), using standard 8044 hardware register opera- 
tions. The 8044 register select PLA controls these oper- 
ations. Three of the BYP registers connect to the IB 
through the IBS, a sub-bus which also connects to the 
CPU interrupt control registers. 


r 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L 
J 


----------- 
SIU'" 
I 
I 
I 
I 
I 
IfO/RXD 


DATAITXD 


Simultaneous access of a register by both the IB and the 
SIB is prevented by timing. In particular, RAM access 
is restricted to alternate internal processor cycles for 
the CPU and the SIU, in such a way that collisions do 
not occur. 


As an example of the operation of the byte processor, 
the following sequence occurs in relation to the receive 
data: 


I) Assuming that there is an address field in the frame, 
the BYP takes the station address from the register 
file into temporary storage. After the opening flag, 
the next field (the address field) is compared to the 
station address in the temporary storage. If a match 
occurs, the operation continues. 


2) Assuming that there is a control field in the frame, 


the BYP takes the next byte and loads it into the 
RCB register. The RCB register has the logic to 
update the NSNR register (increment receive count, 
set SES and SER flags, etc.). 
3) Assuming that there is an information field, the next 


byte is dumped into RAM at the RBS location. The 
DMA CNT (RBL at the opening flag) is loaded 
from the DMA CNT register into the RB register 
and decremented. The RFL is then loaded into the 
RB register, incremented, and stored back into the 
register file. 


4) This process continues until the DMA CNT reaches 
zero, or until a closing flag is received. Upon either 
event, the BYP updates the status, and, if the CRC 
is good, the NSNR register. 
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An SIU test mode has been provided, so that the on- 
chip CPU can perform limited diagnostics on the SIU. 
The test mode utilizes the output latches for P3.0 and 
P3.1 (pins 10 and 11). These port 3 pins are not useful 
as out-put ports, since the pins are taken up by the 
serial port functions. Figure 16 shows the signal routing 
associated with the SIU test mode. 


Writing a 0 to P3.1 enables the serial test mode (P3.1 is 
set to 1 by reset). In test mode the P3.0 bit is mapped 
into the received data stream, and the 'write port 3' 
control signal is mapped into the SCLK path in place of 
Tl. Thus, in test mode, the CPU can send a serial data 


stream to the SIU by writing to P3.0. The transmit data 
stream can be monitored by reading P3.1. Each succes- 
sive bit is transmitted from the SIU by writing to any 
bit in Port 3, which generates SCLK. 


In test mode, the P3.0 and P3.1 pins are placed in a 
high voltage, high impedance state. When the CPU 
reads P3.0 and P3.1 the logic level applied to the pin 
will be returned. In the test mode, when the CPU reads 
3.1, the transmit data value will be returned, not the 
voltage on the pin. The transmit data remains constant 
for a bit time. Writing to P3.0 will result in the signal 
being outputted for a short period of time. However, 
since the signal is not latched, P3.0 will quickly return 
to a high voltage, high impedance state. 
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inter 


The serial test mode is disabled by writing a I to P3.1. 
Care must be taken that a 0 is never written to P3.1 in 
the course of normal operation, since this causes the 
test mode to be entered. 


Figure 17 is an example of a simple program segment 
that can be imbedded into the user's diagnostic pro- 
gram. That example shows how to put the 8044 into 
"Loop-back mode" to test the basic transmitting and 
receiving functions of the SIU. 


Loop-back mode is functionally equivalent to a hard- 
wire connection between pins 10 and lIon 
the 8044. 


In this example, the 8044 CPU plays the role of the 
primary station. The SIU is in the AUTO mode. The 
CPU sends the SIU a supervisory frame with the poll 
bit set and an RNR command. The SIU responds with 
a supervisory frame with the poll bit set and an RR 
command. 


Interrupts 
are disabled, and the self test mode is en- 
abled by writing a zero to P3.1. This establishes P3.0 as 
the data path from the CPU to the sm. CTS (clear-to- 
send) is enabled by writing a zero to P1.7. The station 
address is initialized by writing 08AH into the STAD 
(station address register). 


The SIU is configured for receive operation in the 
clocked mode and in AUTO mode. The CPU then 


transmits a supervisory frame. This frame consists of an 
opening flag, followed by the station address, a control 
field indicating that this is a supervisory frame with an 
RNR command, and then a closing flag. 


Each byte of the frame is transmitted by writing that 
byte into the A register and then calling the subroutine 
XMIT8. Two additional SCLKs are generated to guar- 
antee that the last bits in the frame have been clocked 
into the SIU. Finally the CPU reads the status register 
(STS). If the operation has proceeded correctly, the 
status will be 072H. If it is not, the program jumps to 
the ERROR loop and terminates. 


The SIU generates an SI (SIU interrupt) to indicate 
that it has received a frame. The CPU clears this inter- 
rupt, and then begins to monitor the data stream that is 
being generated by the SIU in response to what it has 
received. As each bit arrives (via P3.1), it is moved into 
the accumulator, and the CPU compares the byte in the 
accumulator 
with 07EH, which is the opening flag. 


When a match occurs, the CPU identifies this as byte 
bo,!ndary, 
and thereafter 
processes the information 
byte-to-byte. 


The CPU calls the RCV8 subroutine to get each byte 
into the accumulator. The CPU performs compare op- 
erations on (successively) the station address, the con- 
trol field (which contains the RR response), and the 
closing flag. If any of these do not compare, the pro- 
gram jumps to the ERROR loop. If no error is found, 
the program jumps to the DONE loop. 
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1.0 INTERFACING 
THE 8044 TO A 
MICROPROCESSOR 


The S044 is designed to serve as an intelligent control- 
ler for remote peripherals. However, it can also be used 
as an intelligent HDLC/SDLC 
front end for a micro- 
processor, capable of extensively off-loading link con- 
trol functions for the CPU. In some applications, the 
S044 can even be used for communications preprocess- 
ing, in addition to data link control. 


This section describes a sample hardware interface for 
attaching the S044 to an SOSS.It is general enough to 
be extended to other microprocessors such as the SOS6 
or the SOIS6. 


A sample interface is shown in Figure I. Transmission 
occurs when the SOSSloads a 64 byte block of memory 
with some known data. The SOSSthen enables the 
S237A to DMA this data to the S044. When the S044 
has received all ofthe data from the S237A, it sends the 
data in a SDLC frame. The frame is captured by the 
Spectron DatascopeTM* which displays it on a CRT in 
hex format. 


In reception, the Datascope sends a SDLC information 
frame to the S044. The S044 receives the SDLC frame, 
buffers it, and sends it to the SOSS'smemory. In this 
example the S044 is being operated in the NON·AUTO 
mode; therefore, it does not need to be polled by a pri- 
mary station in order to transmit. 


The S044 does not have a parallel slave port. The 
S044's 32 I/O lines can be configured as a local micro- 
processor bus master. In this configuration, the S044 
can expand the ROM and RAM memory, control pe- 
ripherals, and communicate with a microprocessor. 


The S044, like the S051, does not have a Ready line, so 
there is no way to put the S044 in wait state. The clock 
on the S044 cannot be stopped. Dual port RAM could 
still be used, however, software arbitration 
would be 
the only way to prevent collisions. Another way to in- 
terface the S044 with another CPU is to put a FIFO or 
queue between the two processors, and this was the 
method chosen for this design. 


Figure 2 shows the schematic of the S044/S0SS inter- 
face. It involves two S-bit tri-state latches, two SR flip- 
flops, and some logic gates (6 TTL packs). The circuit- 
ry implements a one byte FIFO. RS422 transceivers are 
used, which can be connected to a multidrop link. Fig- 


*Datascope is a trademark of Spectron Inc. 


ure 3 shows the SOSSand support circuitry; the memo- 
ry and decoders are not shown. It is a basic SOSSMin 
Mode system with an S237A DMA controller and an 
S259A interrupt controller. 


DMA Channel One transfers a block of memory to the 
tri-state latch, while Channel Zero transfers a block of 
data from the latch to SOSS'smemory. The S044's In- 
terrupt 0 signal vectors the CPU into a routine which 
reads from the internal RAM and writes to the latch. 
The S044's Interrupt 
I signal causes the chip to read 
from the latch and write to its on-chip data RAM. Both 
DMA requests and acknowledges are active low. 


Initially, when the power is applied, a reset pulse com- 
ing from the S2S4A initializes the SR flip-flops. In this 
initialization state, the S044's transmit interrupt 
and 
the SOSS'stransmit DMA request are active; however, 
the software keeps these signals disabled until either of 
the two processors are ready to transmit. The software 
leaves the receive signals enabled, unless the receive 
buffers are full. In this way either the SOSSor the S044 
are always ready to receive, but they must enable the 
transmit signal when they have prepared a block to 
transmit. After a block has been transmitted 
or re- 
ceived, the DMA and interrupt signals return to the 
initial state. 


The receive and transmit buffer sizes for the blocks of 
data sent between the S044 and the SOSShave a maxi- 
mum fixed length. In this case the buffer size was 64 
bytes. The buffer size must be less than 192 bytes to 
enable S044 to buffer the data in its on-chip RAM. This 
design allows blocks of data that are less than 64 bytes, 
and accommodates networks that allow frames of vary- 
ing size. The first byte transferred between the SOSS 
and the S044 is the byte count to follow; thus the S044 
knows how many bytes to receive before it transmits 
the SDLC frame. However, when the S044 sends data 
to the SOSS'smemory, the S237A will not know if the 
S044 will send less than the count the S237A was pro- 
grammed for. To solve this problem, the S237A is oper- 
ated in the single mode. The S044 uses an I/O bit to 
generate an interrupt 
request to the S259A. In the 
SOSS's interrupt 
routine, the S237A's receive DMA 
channel is disabled, thus allowing blocks of data less 
than 64 bytes to be received. 


The software for the S044 and the SOSSis shown in 
Table I. The SOSSsoftware was written in PLIMS6, 
and the S044 software was written in assembly lan- 
guage. 


The S044 software begins by initializing the stack, in- 
terrupt 
priorities, and triggering types for the inter- 
rupts. At this point, the SIU parameter registers are 


initialized. The receive and transmit buffer starting ad- 
dresses and lengths are loaded for the on-chip DMA. 
This DMA is for the serial port. The serial station ad- 
dress and the transmit control bytes are loaded too. 


Once the initialization has taken place, the SIU inter- 
rupt is enabled, and the external interrupt which re- 
ceives bytes from the 8088 is enabled. Setting the 8044's 
Receive Buffer Empty (RBE) bit enables the receiver. If 
this bit is reset, no serial data can be received. The 8044 
then waits in a loop for either RECEIVE DMA inter- 
rupt or the SERIAL INT interrupt. 


The 
RECEIVE 
DMA 
interrupt 
occurs 
when 
the 
8237A is transferring a bloc~ of data to the 8044. The 
first time this interrupt occurs, the 8044 reads the latch 
and loads the count value into the R2 register. On sub- 
sequent interrupts, the 8044 reads the latch, loads the 
data into the transmit 
buffer, and decrements 
R2. 
When R2 reaches zero, the interrupt routine sends the 
data in an SDLC frame, and disables the RECEIVE 
DMA interrupt. After the frame has been transmitted, 
a serial interrupt is generated. The SERIAL INT rou- 
tine detects that a frame has been transmitted and re- 
enables the RECEIVE DMA interrupt. Thus, while the 
frame is being transmitted through the SIU, the 8237A 
is inhibited from sending data to the 8044's transmit 
buffer. 


The TRANSMIT 
DMA routine sends a block of data 
from the 8044's receive buffer to the 8088's memory. 


Normally this interrupt remains disabled. However, if a 
serial interrupt occurs, and the SERIAL INT routine 
detects that a frame has been received, it calls the 
SEND subroutine. The SEND subroutine loads the 
number of bytes which were received in the frame into 
the receive buffer. Register RI points to the receive 
buffer and R2 is loaded with the count. The TRANS- 
MIT DMA interrupt is enabled, and immediately upon 
returning from the SERIAL INT routine, the interrupt 
is acknowledged. Each time the TRANSMIT DMA in- 
terrupt occurs, a byte is read from the receive buffer, 
written to the latch, and R2 is decremented. When R2 
reaches 0, the TRANSMIT DMA interrupt is disabled, 
the SIU receiver is re-enabled, and the 8044 interrupts 
the 8088. 


For the software shown in Table I, the transfer rate 
from the 8088's memory to the 8044 was measured at 
75K bytes/sec. This transfer rate largely depends upon 
the number of instructions in the 8044's interrupt serv- 
ice routine. Fewer instructions result in a higher trans- 
fer rate. 


There are many ways of interfacing the 8044 locally to 
another microprocessor: FIFO's, dual port RAM with 
software arbitration, and 8255's are just a few. Alterna- 
tive approaches, which may be more optimal for certain 
applications, are certainly possible. 


Of 
01 
D2 
03 
D4 
05 
Of 
07 
M 
~ 
2121 


A3 
:: 
Pl 


M 
"'7 
M 
"'I~. 
~~ 
DE/Iili 


SYS ''''14 
RESET 
[1"110 
~ 


$10K 


LS 
INTA110 
4 
r 
li 


luf 
E3 
+ 


RES 


82 
'214 


CSYNC 
FIC 
ROY2 
AFMl 
AEN2 


+ 5 
ROY RESET a.J( 
MH/MX 
lID 
IOjM 
WA 


1088 
AD7 
AOI 
ADS 
A04 
:8~ 
ADI 
A13 
AI' 
AOI 
A15 
A12 
At 
1 


(MINI 


TEST 


INTA 


HOLD 
llIoA 
ALE 


ST8 OE 
017 
007 
011 
DOl 
015 
Fl 
DOS 
014 
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OREQt 
:u 
oACK' 
OREQ1 
c: 
OACX1 
." 
OREQ2 
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OACK2 
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AO-A7 


OE 
ST8 
017 
007 
l:Glgg: 
0l4 
•• D04 
==~ 
011 • 
001 
0It 
DOl 


LOC 
OBJ 
LINE 
SOURCE 


I 
Sdebug 
title 
(8044/8088 
INTERFACE) 
2 
3 
0000 
4 
FIRST-BYTE 
BIT 
0 
; FLAG 
5 
סס oo 
6 
ORG 
0 
סס oo 8024 
7 
SJMP 
INIT 
8 
0026 
9 
ORG 
26H 
10 
0026 7581AA 
II 
INIT: 
MOV 
SP,I170 
; INITIALIZE 
STACK 
0029 75B800 
12 
MOV 
IP.lOO 
; ALL INTERRUPTS 
ARE EQUAL PRIORITY 
002C 75C954 
13 
MOV 
SMD,I54H 
; TIMER I OVERFLOW. NRZI. PRE-FRAME SYNC 
002F 758844 
14 
MOV 
TCON.144H 
; EDGE TRIGGERED 
EXTERNAL INTERRUPT 
I 
15 
; LEVEL TRIGGERED 
EXTERNAL INTERRUPT 
0 
16 
; TIMER I ON 
0032 758DEC 
17 
MOV 
THI,IOECH 
; INITIALIZE 
TIMER. 3125 BPS 
0035 758920 
18 
MOV 
TMOD.120H 
; TIMER I AUTO RELOAD 
19 
0038 75DC6A 
20 
MOV 
TBS, 1106 
; SET UP SIU PARAMETER REGISTERS 
003B 75DB40 
21 
MOV 
TBL,I64 
003E 75CC2A 
22 
MOV 
RBS.142 
0041 75CB40 
23 
MOV 
RBL,I64 
0044 75CE55 
24 
MOV 
STAD,I55H 
0047 75DA II 
25 
MOV 
TCB, 100010001B; RR. P/F-I 
26 
004A 901000 
27 
MOV 
DPTR,lloooH 
; DPTR POINTS TO TRI-STATE LATCH 
0040 
0200 
28 
SETB 
FIRST-BYTE 
; FLAG TO INDICATE FIRST BYTE 
29 
; FOR RECEIVE INTERRUPT 
ROUTINE 
004F D2CE 
30 
SETB 
RBE 
; READY TO RECEIVE 
0051 75A894 
31 
MOV 
IE.lI0010100B 
; ENABLE RECEIVE DMA AND SIU INTERRUPT 
32 
0054 80FE 
33 
SJMP 
S 
; WAIT HERE FOR INTERRUPTS 
34 
0056 80FE 
35 
ERROR: 
SJMP 
ERROR 
36 + 1SEJ 


0058 85CD29 
005B 7929 
0050 
AACD 
005F OA 
0060 D2A8 
0062 22 


0063 
0013 
0013 020063 
0063 


MOV 
MOV 
MOV 
INC 
SETB 
RET 


41. RFL 
RI. '41 
R2. RFL 
R2 
EXO 


; FIRST BYTE IN BLOCK IS COUNT 
; POINT TO BLOCK OF DATA 
; LOAD COUNT 


LOCTMPSET 
ORG 
LJMP 
ORG 


S 
; SET UP INTERRUPT TABLE JUMP 
0013H 
RECEIVLDMA 
LOCTMP 


Table 1. Transmit 
and Receive 
Software 
for an 8044/8088 
System 
(Continued) 


56 
57 
58 
59 
60 


61 


62 
63 
64 
65 
66 
67 
68 
69 
L2: 
70 


71 


72 


73 
74 


75 


76 
77 
78 


79 
80 


81 


0066 
EO 
0067 
F6 
0068 
08 
0069 
DA08 


006B 
D2CF 
006D 
D2CD 
006F 
D200 
0071 
C2AA 


0076 
EO 
0077 
FA 
0078 
32 


0079 
0003 
0003 
020079 
0079 


SETB 
SETB 
SETB 
CLR 


MOVX 
MOV 
INC 
DJNZ 


A,@DPTR 
@RO,A 
RO 
R2, L2 


; READ 
THE 
LATCH 


; PUT 
IT IN TRANSMIT 
BUFFER 


TBF 
RTS 
FIRST-BYTE 
EXI 


; RO IS A POINTER 
TO THE 
TRANSMIT 


; BUFFER 
STARTING 
ADDRESS 
; PUT THE 
FIRST 
BYTE 
INTO 


; R2 FOR THE 
COUNT 


MOVX 
A, @DPTR 


MOV 
R2, A 
RETI 


$ 
0003H 
TRANSMIT-DMA 


LOLTMP 


82 
TRANSMIT_DMA 


83 
0079 
E7 
84 
MOV 
A,@RI 
; READ 
BYTE 
OUT 
OF THE 
RECEIVE 
BUFFER 


oo7A 
FO 
85 
MOVX 
@DPTR.A 
; WRITE 
IT TO THE 
LATCH 


007B 
09 
86 
INC 
RI 


oo7C 
DM8 
87 
DJNZ 
R2.L3 
; WHEN 
ALL 
BYTES 
HAVE 
BEEN 
SENT 


88 
oo7E 
C2A8 
89 
CLR 
IE. 0 
; DISABLE 
INTERRUPT 


0080 
C294 
90 
CLR 
PI. 4 
; CAUSE 
8088 INTERRUPT 
TO TERMINATE 
DMA 
0082 
0294 
91 
SETB 
PI. 4 


0084 
D2CE 
92 
SETB 
RBE 
; ENABLE 
RECEIVER 
AGAIN 


93 
0086 
32 
94 
L3: 
RETI 


95 
96 
97 
0087 
98 
LOLTMPSET 
$ 


0023 
99 
ORG 
oo23H 


0023 
020087 
100 
LJMP 
SERIALINT 


0087 
101 
ORG 
LOLTMP 


102 
103 
SERIALINT; 


104 
0087 
3OCE06 
105 
JNB 
RBE,RCV 
; WAS A FRAME 
RECEIVED 


oo8A 
3OCFOB 
106 
JNB 
TBF. 
XMIT 
; WAS A FRAME 
TRANSMITTED 


0080 
020056 
107 
LJMP 
ERROR 
; IF NEITHER 
ERROR 
108 
0090 
20CBeJ 
109 
RCV: 
JB 
BOV. ERROR 
; IF BUFFER 
OVERRUN 
THEN 
ERROR 
00931158 
110 
CALL 
SEND 
; SEND 
THE 
FRAME 
TO THE 
8088 
0095 
C2CC 
III 
CLR 
SI 


0097 
32 
112 
RETI 


113 
0098 
C2CC 
114 
XMIT: 
CLR 
SI 
296166-70 


21-6 


LOLTMPSET 
ORG 


LJMP 
ORG 


inter 


009A 
D2AA 
115 
SETB 
EXI 


009C 
32 
116 
RETI 


117 


118 
END 


SYMBOL 
TABLE 
LISTING 


NAME 
TYPE 
VALUE 
ATTRIBUTES 


BOV 
B ADDR 
OOC8H.3 
A 


ERROR 
C ADDR 
0056H 
A 
EXO 
B ADDR 
OOA8H.O 
A 
EXI 
B ADDR 
OOA8H.2 
A 
FIRST-BYTE 
B ADDR 
0020H.0 
A 
IE 
D ADDR 
OOA8H 
A 
INIT 
C ADDR 
0026H 
A 
IP 
D ADDR 
OOB8H 
A 
LI 
C ADDR 
0074H 
A 
L2 
C ADDR 
0073H 
A 
L3 
C ADDR 
0086H 
A 
LOLTMP 
C ADDR 
0087H 
A 
PI 
D ADDR 
OO9OH 
A 
RBE 
B ADDR 
OOC8H.6 
A 
RBL 
D ADDR 
OOCBH 
A 
RBS 
D ADDR 
OOCCH 
A 
RCV 
C ADDR 
0090H 
A 
RECEIVE.-DMA 
C ADDR 
0063H 
A 
RFL 
D ADDR 
OOCDH 
A 
RTS 
B ADDR 
OOC8H.5 
A 
SEND 
C ADDR 
0058H 
A 
SERIALINT 
C ADDR 
0087H 
A 
SI 
B ADDR 
OOC8H.4 
A 
SMD 
D ADDR 
OOC9H 
A 
SP 
D ADDR 
0081H 
A 
STAD 
D ADDR 
OOCEH 
A 
TBF 
B ADDR 
OOC8H.7 
A 
TBL 
D ADDR 
OODBH 
A 
TBS 
D ADDR 
OODCH 
A 
TCB 
D ADDR 
OODAH 
A 
TCON 
D ADDR 
0088H 
A 
THI 
D ADDR 
008DH 
A 
TMOD 
D ADDR 
0089H 
A 
TRANSMIT_DMA 
C ADDR 
0079H 
A 
XMIT 
C ADDR 
0098H 
A 


REGISTER 
BANK(S) 
USED: 
O. TARGET 
MACHINE(S): 
8044 


ASSEMBLY 
COMPLETE. 
NO ERRORS 
FOUND 
296166-71 


SERIES-III 
PL/~-86 
VI.O 
C~ILATION 
OF ~DULE 
RUPI_88 
OBJECT ~DULE 
PLACED IN :FI:R88.0BJ 
C~ILER 
INVOKEDBY: 
PL~86.86 
:FI:R88.SRC 


4 
<I 
, 
<I 
6 
<I 


LIT 
TRUE 
FALSE 


LITERALLY 
LIT 
LIT 


RECV_BUFFER(64) 
X~IT_BUFFER(641 
I 
WAIT 


BYTE, 
BYTE, 
BYTE, 
BYTE, 


KASTER_CLEAR_37 
LIT 
C~D_37 
LIT 
ALL_•••••SK_37 
LIT 
SINOLE_•••••SK_37 
LIT 
STATUB_37 
LIT 
REGUEST_REO_37 
LIT 
~0E_REO_37 
LIT 
CLEAR-'YTE-fTR_37 
LIT 


CHO_ADOR 
LIT 
CHO_COUNT 
LIT 
CHI_ADOR 
LIT 
CHI_COUNT 
LIT 
CHa_ADOR 
LIT 
CHa_COUNT 
LIT 
CH3_AOOR 
LIT 
CH3_COUNT 
LIT 


CHO_BEL 
CHI_BEL 
CHa_SEL 
CH3_SEL 
WRITE_XFER 
READ_XFER 
OEIWIOJlOOE 
SINOLEJlOOE 
BLOCKJlOOE 
SET_•••••SK 


STATUS_POLL_'9 
ICWI_'9 
OCWI_'9 
OCW<I_'9 
OCW3_'9 
ICW_'9 
ICW3_'9 
ICW4_'9 


'LITERALLY' , 
'OSH', 
'OOH', 


'OFFDDH', 
'OFFDeH', 
'OFFOFH', 
'OFFDNt', 
'OFFDeH', 
'OFF09H', 
'OFFDBH', 
'OFFOCH', 


'OFFDOH', 
'QFFDIH', 
'OFFD2H', 
'OFFD3H', 
'OFFD4H', 
'QFFDSH', 
'OFF06H', 
'OFFD7H', 


'OOH', 
'OtH', 
'02H', 
'03H', 
'04H', 
'08H', 
'OOH', 
'4OH', 
"SOH', 
'04H', 


'OFFEOH', 
'QFFEOH', 
'OFFE1H', 
'OFFEOH', 
'OFFEOH', 
'OFFEIH', 
'QFFEIH', 
'OFFE1H', 


OUTPUT(8INOLE_KABK_371-4OH, 
WAIT-FALSE. 
ENO. 


8 
I 
9 
I 
10 
I 
II 
I 
12 
I 
13 
I 
14 
I 
15 
I 
16 
I 
17 
I 
18 
I 
19 
I 
20 
I 
21 
I 


OUTPUTC~STER_CLEAR_37) 
OUTPUTlC~_37) 
OUTPUTC~L_~SK_37) 
OUTPUT CMODE_REg_37 I 
OUTPUTCMODE_REg_37) 
OUTPUT CCLEAR_BYTE_PTR_37 I 
OUTPUTCCHO_ADDRI 
OUTPUTCCHO_ADDR) 
OUTPUT CCHO_COUNT I 
OUTPUTlCHO_COUNTl 
OUTPUTCCH1_ADDR) 
OUTPUTCCH1_ADDRI 
OUTPUTCCHI_COUNT) 
OUTPUT CCHI_COUNT I 


-0; 
-04OH. 
-OFH, 
-CSINQLE_MODE 
OR WRITE_XFER 
OR CHO_SELl; 


-(SINQLE_MODE 
OR READ_X FER OR CH1_SEL); 
-0, 
-<lOH; 
-40"41 
-64J 
-00; 
-40th 
-4OH, 
-64, 
-00, 


OUTPUTlICWI_'9) 


OUTPUTC ICW2_'9) 
OUTPUTCICW4_'91 
OVTPUTCOCWI_'91 


.E.JECT 
C~L 
SET. INTERRUPT 


-13H, 
,.SINQLE 
MODE. EDOE TRiggERED 
INPUT. 8086 
INTERRUPT 
TYPE*I 
-2OH; 
I.INTERRUPT 
TYPE 32*1 
-03H. 
I*AUTo-Eol*1 
-OFEH; 
I*ENABLE 
INTERRUPT LEVEL 0*1 


XHIT_BUFFERCO)-64. 
I*THE 
FIRST BYTE 
IN THE BLOCK OF DATA 
15 THE NUHBER 
OF BYTES TO BE TRANSFERED. 
NOT 
INCLUDINQ 
THE FIRST 
BYTE*I 


DO 
I- I TO 64; 
I. 
FILL UP THE XHIT_BUFFER 
WITH DATA *' 
XHIT_BUFFERCI)-I. 
END; 


OUTPUTC~L_~SK_371-~CH; 


ENABLE. 


WAIT-TRUE; 
DO WHILE WAIT; 
END. 


CODE AREA SIZE 
• OOD7H 
21'D 
CONSTANT 
AREA SIZE. 
OOOOH 
oD 
VARIABLE 
AREA SIZE - 0082H 
130D 
HAXlHUH 
STACK SIZE. 
OOIEH 
30D 
124 LINES READ 
o PROQRAIl WARNINQS 
o PROQRAH 
ERRORS 


END OF PL/H-86 
COHPILATION 


'* A BLOCK OF DATA WILL BE TRANSFERRED 
TO THE RUPI. 


WHEN THE RUPI RECEIVES 
A BLOCK OF DATA 
IT WILL 
SEND 
IT TO THE 8088 HEHORY 
AND 
INTERRUPT 
THE 8088. 


THE INTERRUPT 
SERVICE 
ROUTINE 
WILL 
SHUT OFF THE DHA 
CONTROLLER 
AND SET 
'WAIT' F~SE 
*1 


A HIGH PERFORMANCE 
NETWORK 
USING THE 8044 


This section describes the design of an SOLC data link 
using the 8044 (RUPI) to implement a primary station 
and a secondary station. The design was implemented 
and tested. The following discussion assumes that the 
reader understands the 8044 and SOLC. This section is 
divided into two parts. First the data link design exam- 
ple is discussed. Second the software modules used to 
implement the data link are described. To help the 
reader understand the discussion of the software, flow 
charts and software listings are displayed in Appendix 
A and Appendix B, respectively. 


This particular data link design example uses a two 
wire half-duplex multidrop topology as shown in Fig- 
ure 4. In an SOLC multidrop topology the primary 
station communicates with each secondary station. The 
secondary stations communicate only to the primary. 
Because of this hierarchial architecture, the logical to- 
pology for an SOLC multidrop is a star as shown in 
Figure 5. Although the physical topology of this data 
link is multidrop, the easiest way to understand the 
information flow is to think of the logical (star) topolo- 
gy. The term data link in this case refers to the logical 
communication pathways between the primary station 
and the secondary stations. The data links are shown in 
Figure 5 as two way arrows. 


The application example uses dumb async terminals. to 
interface to the SOLC network. Each secondary station 
has an async terminal connected to it. The secondary 
stations are in effect protocol converters which allows 
any async terminal to communicate with any other 
async terminal on the network. The secondary stations 
use an 8044 with a UART to convert SOLC to async. 
Figure 6 displays a block diagram of the data link. The 
primary station, controls the data link. In addition to 
data link control the primary provides a higher level 
layer which is a path control function or networking 
layer. The primary serves as a message exchange or 
switch. It receives information from one secondary sta- 
tion and retransmits it to another secondary station. 
Thus a virtual end to end connection is made between 
any two secondary stations on the network. 


Three separate software modules were written for this 
network. The first module is a Secondary Station Oriv- 
er (SSO) which provides an SOLC data link interface 
and a user interface. This module is a general purpose 
driver which requires application software to run it. 


The user interface to the driver provides four functions: 
OPEN, CLOSE, TRANSMIT, 
and SIU_RECV. 
Us- 
ing these four functions properly will allow any applica- 
tion software to communicate over this SOLC data link 
without knowing the details of SOLC. The secondary 
station driver uses the 8044's AUTO mode. 


The second module is an example of application soft- 
ware which is linked to the secondary station driver. 
This module drives the 8215A, buffers data, and inter- 
faces with the secondary station driver's user interface. 


The third module is a primary station, which is a stand- 
alone program (i.e., it is not linked to any other mod- 
ule). The primary station uses the 8044's NON-AUTO 
or FLEXIBLE 
mode. In addition to controlling the 
data link it acts as a message switch. Each time a sec- 
ondary station transmits a frame, it places the destina- 
tion address of the frame in the first byte of the infor- 
mation or I field. When the primary station receives a 
frame, it removes the first byte in the I field and re- 
transmits the frame to the secondary station whose ad- 
dress matches this byte. 


This network provides two complete layers of the OSI 
(Open Systems Interconnection) 
reference model: the 
physical layer and the data link layer. The physical lay- 
er implementation uses the RS-422 electrical interface. 
The mechanical medium consists of ribbon cable and 
connectors. The data link layer is defined by SOLC. 
SOLC's use of acknowledgements and frame number- 
ing guarantees that messages will be received in the 
same order in which they were sent. It also guarantees 
message integrity over the data link. However this net- 
work will not guarantee secondary to secondary mes- 
sage delivery, since there are acknowledgements be- 
tween secondary stations. 


The schematic of the hardware is given in Figure 7. The 
8251A is used as an async communications controller, 
in support of the 8044. TxRDY and RxRDY on the 
8251A are both tied to the two available external inter- 
rupts of the 8044 since the secondary station driver is 
totally interrupt driven. The 8044 buffers the data and 
some variables in a 2016 (2K x 8 static RAM). The 
8254 programmable 
interval timer is employed as a 
programmable baud rate generator and system clock 
driver for the 8251A. The third output from the 8254 
could be used as an external baud rate generator for the 
8044. The 2732A shown in the diagram was not used 


inter 


since the software for both the primary and secondary 
stations used far less than the 4K bytes provided on the 
8744. For the async interface, the standard RS-232 me- 
chanical and electrical interface was used. For the 
SDLC channel, a standard two wire three state RS-422 
driver is used. A DIP switch connected to one of the 
available ports on the 8044 allows the baud rate, parity, 
and stop bits to be changed on the async interface. The 
primary station hardware does not use the USART, 
8254, nor the RS-232 drivers. 


The SDLC commands and responses implemented in 
the data link include the SDLC Basic Repertoire as 
defined in the IBM SDLC General Information manu- 
al. Table 3 shows the commands and responses that the 
primary and the secondary station in this data link de- 
sign recognize and send. 
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Figure 7. Schematic 
of Async/SDLC 
Secondary 
Station 
Protocol 
Converter 
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Table 3. Data Link Commands 
and 
Responses 
Implemented 
for This Design 


Primary Station 


Responses 
Commands 
Recognized 
Sent 


Unnumbered 
UA 
SNAM 
DM 
DISC 
FAMA 
·AD 


Supervisory 
AA 
AA 
ANA 
ANA 


Information 
I 
I 


Commands 
Responses 
Recognized 
Sent 


Unnumbered 
SNAM 
UA 
DISC 
DM 
·TEST 
FAMA 
·AD 
·TEST 


Supervisory 
AA 
AA 
ANA 
ANA 
AEJ 


Information 
I 
I 


The term command specifically means all frames which 
the primary station transmits and the secondary sta- 
tions receive. Response refers to frames which the sec- 
ondary stations transmit and the primary station re- 
ceives. 


This particular data link design only allows one out- 
standing frame before it must receive an acknowledge- 
ment. Immediate acknowledgement allows the second- 
ary station drivers to use the AUTO mode. In addition, 
one outstanding frame uses less memory for buffering, 
and the software becomes easier to manage. 


2.3 Secondary 
Station Driver using 
AUTO Mode 


The 8044 secondary station driver (SSD) was written as 
a general purpose SDLC driver. It was written to be 
linked to an application module. The application soft- 
ware implements the actual application in addition to 
interfacing to the SSD. The main application could be, 
a printer or plotter, a medical instrument, or a termi- 


nal. The SSD is independent of the main application, it 
just provides the SDLC communications. Existing 8051 
applications could add high performance SDLC com- 
munications capability by linking the SSD to the exist- 
ing software and providing additional software to be 
able to communicate with the SSD. 


DATA 
LINK INTERFACE 
AND USER 
INTERFACE 
STATES 


The SSD has two software interfaces: a data link inter- 
face and a user interface as shown in Figure 8. The data 
link interface is the part of the software which controls 
the SDLC communications. 
It handles link access, 
command 
recognition/response, 
acknowledgements, 
and error recovery. The user interface provides four 
functions: OPEN, CLOSE, TRANSMIT, 
and SIU_ 
RECV. These are the only four functions which the 
application software has to interface in order to com- 
municate using SDLC. These four functions are com- 
mon to many I/O drivers like floppy and hard disks, 
keyboard/CRT, 
and async communication drivers. 


The data link and the user interface each have their 
own states. Each interface can only be in one state at 
any time. The SSD uses the states of these two interfac- 
es to help synchronize the application module to the 
data link. 


There are three states which the secondary station data 
link interface can be in: Logical Disconnect 
State 
(L~_S), 
Frame Reject State (FRMR-S), 
and the 
Information 
Transfer 
State (I_T_S). 
The Logical 
Disconnect State is when a station is physically con- 
nected to the channel but either the primary or second- 
ary have not agreed to enter the Information Transfer 
State. Both the primary and the secondary stations syn- 
chronize to enter into the Information Transfer State. 
Only when the secondary station is'in the I_T_S 
is it 
able to transfer data or information to the primary. The 
Frame Reject State (FRMR-S) 
indicates that the sec- 
ondary station has lost software synchronization with 
the primary or encountered some kind of error condi- 
tion. When the secondary station is in the FRMR-S, 
the primary station must reset the secondary to resyn- 
chronize. 


The user interface has two states, open or closed. In the 
closed state, the user program does not want to com- 
municate over the network. The communications chan- 
nel is closed and not available for use. The secondary 
station tells the primary this by responding to all com- 
mands with DM. The primary continues to poll the 
secondary in case it wants to enter the 1_ T_S 
state. 


When the user program begins communication over the 
data link it goes into the open state. It does this by 
calling the OPEN procedure. When the user interface is 
in the open state it may transfer information to the 
primary. 
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Table 4 shows the commands which the secondary sta- 
tion recognizes and the responses it generates. The first 
row in Table 4 displays commands the secondary sta- 
tion recognizes and each column shows the potential 
responses with respect to secondary station. For exam- 
ple, if the secondary is in the Logical Disconnect State 
it will only respond with DM, unless it receives a 
SNRM command and the user state is open. If this is 
the case, then the response will be VA and the second- 
ary station will move into the I_T_S. 


Figure 9 shows the state diagram of the secondary 
station. When power is first applied to the secondary 
station, it goes into the Logical Disconnect State. As 
mentioned above, the 1_ T_S is entered when the sec- 
ondary station receives a SNRM command and the 
user state is open. The secondary responds with VA to 
let the primary know that it has accepted the SNRM 
and is entering the I_T_S. 
The I_T_S 
can go into 
either the L_D_S 
or the FRMIL-S. 
The I_T_S 
goes into the L_D_S 
if the primary sends the second- 
ary DISC. The secondary has to respond with VA, and 
then goes into the L_D_S. 
If the user interface 
changes from open to close state, then the secondary 
sends RD. This causes the primary to send a DISC. 


The FRMIL-S 
is entered when a secondary station is 
in the 1_ T_S 
and either one of the following condi- 
tions occurs. 
A command can not be recognized by the second- 
ary station. 


The Nr that was received from the primary station 
is invalid. 


The secondary station cannot leave the FRMIL-S 
until 
it receives a SNRM or a DISC command. 


To aid in following the description of the software, the 
reader may either look at the flow charts which are 
given for each procedure, or read the PLIM-51 listing 
provided in Appendix A. 


A block diagram of the software structure of the SSD is 
given in Figure 10. A complete module is identified by 
the dotted box, and a procedure is identified by the 
solid box. Therefore the SIV_RECV 
procedure is not 
included in the SSD module, it exists in the application 
software. Two or more procedures connected by a solid 
line means the procedure above calls the procedure be- 
low. Transmit, Power_on_D, 
Close, and Open are all 
called by the application software. Procedures without 
any solid lines connected above are interrupt 
proce- 
dures. The only interrupt procedure in the SSD module 
is the SIU_INT. 


The entire SSD module is interrupt driven. Its design 
allows the application program to handle real time 
events or just dedicate more CPV time to the applica- 
tion program. The SIV_INT 
is the only interrupt pro- 


cedure in the SSD. It is automatically entered when an 
SIV interrupt occurs. This particular interrupt can be 
the lowest priority interrupt in the system. 


Data Link 
Primary Station-Commands 
States 
I 
RR 
RNR 
SNRM 
DISC 
TEST 


Information 
I 
I 
I 
Transfer 
State 
RR 
RR 
RR 
RNR 
RNR 
RNR 
RD 
RD 
RD 
RD 
RD 
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FRMR 
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UA 
UA 
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Logical 
Disconnect 
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DM 
DM 
DM 
DM 
DM 
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Frame 
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Reject State 
UA 
UA 
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Upon reset the 'application software is entered first. The 
application software initializes its own variables then 
calls Power_OIL-D 
which is the SSD's initializatio'.l 
routine. The SSD's initialization sets up the transmit 
and receive data buffer pointers (TBS and RBS), the 
receive buffer length (RBL), and loads the State vari- 
ables. The STATION_STATE 
begins in the L_D_S 
state, and the USER-STATE 
begins in the closed 
state. 
Finally 
Power_OIL-D 
initializes 
XMIT_ 
BUFFER-EMPTY 
which is a bit flag. This flag 
serves as a semaphore between the SSD and the appli- 
cation software to indicate the ~tatus of the on chip 
transmit buffer. The SSD does not set the station ad- 
dress. It is the application software's responsibility to 
do this. After initialization, the SSD is read to respond 
to all of the primary station commands. Each time a 
frame is received with a matching station address and a 
good CRC, the SIU_INT 
procedure is entered. 


The first thing the SIU_INT 
procedure clears is the 
serial interrupt_bit 
(SI) in the STS register. If the 
SIU_INT 
procedure returns with this bit set, another 
SI interrupt will occur. 


The SIU_INT 
procedure is branches three indepen- 
dent cases. The first case is entered if the STATION_ 
STATE is not in the I_T_S. 
If this is true, then the 
sm is not in the AUTO mode, and the CPU will have 
to respond to the primary on its own. (Remember that 
the AUTO mode is entered when the STATION_ 
STATE 
enters into I_T_S.) 
If the STATION_ 
STATE is in the I_T_S, 
then either the SIU has just 
left the AUTO mode, or is still in the AUTO mode. 
This is the second and third case, respectively. 


In the first case, if the STATION_STATE 
is not in 
the I_T_S, 
then it must be in either the L~_S 
or 
the FRMR-S. 
In either case a separate procedure is 
called based on which state the station is in. The IlL- 
Disconnect_State 
procedure sends to the primary a 
DM response, unless it received a SNRM command 
and the USER-STATE 
equals open. In that case the 
SIU sends a UA and enters into the I_T_S. 
The In_ 
FRMR-State 
procedure 
will send the primary the 
FRMR response unless it received either a DISC or an 
SNRM. If the primary's command was a DISC, then 
the secondary will send a UA and enter into the L_ 
D_S. 
If the primary's command was a SNRM, then 
the secondary will send a UA, enter into the I_T_S, 
and clear NSNR register. 


For the second case, if the STATION_STATE 
is in 
the ITS 
but the SIU left the AUTO mode, then the 
CPU must determine why the AUTO mode was exited, 
and generate a response to the primary. There are four 


reasons for the SIU to automatically leave the AUTO 
mode. The following is a list of these reasons, and the 
responses given by the SSD based on each reason. 
I. The SIU has received a command field it does not 
recognize. 
Response: If the CPU recognizes the command, it 
generates the appropriate 
response. If neither the 
SIU nor the CPU recognize the command, then a 
FRMR response is sent. 
2. The 
SIU 
has 
received 
a 
Sequence 
Error 
Sent 
(SES= 1 in NSNR register). Nr(P)* Ns(S)+ I, and 
Nr(P)* Ns(S). 
Response: Send FRMR. 
3. A buffer overrun has occurred. BOV = 1 in STS reg- 
ister. 
Response: Send FRMR. 
4. An I frame with data was received while RPB = I. 


Response: Go back into AUTO mode and send an 
AUTO mode response 


In addition to the above reasons, there is one condition 
where the CPU forces the SIU out of the AUTO mode. 
This is discussed in the SSD's User Interface Proce- 
dures section in the CLOSED procedure description 


Finally, case three is when the STATION_STATE 
is 
in the ITS 
and the AUTO mode. The CPU first 
looks atthe TBF 
bit. If this bit is 0 then the interrupt 
may have been caused by a frame which was transmit- 
ted and acknowledged. Therefore the XMIT_BUFF- 
ER-EMPTY 
flag is set again, indicating that the ap- 


plication software can transmit another frame. 


The other reason this section of code could be entered 
is if a valid I frame was received. When a good I frame 
is received the RBE bit equals O. This means that the 
receiver is disabled. If the primary were to poll the 8044 
while RBE = 0, it would time out since no response 
would be given. Time outs reduce network throughput. 
To improve network performance, the CPU first sets 
RBP, then sets RBE. Now when the primary polls the 
8044 an immediate RNR response is given. At this 
point the SSD calls the application software procedure 
SIU-R,ECV 
and passes the length of the data as a 
parameter. The SIU_RECV 
procedure reads the data 
out of the receive buffer then returns to the SSD mod- 
ule. Now that the receive information has been trans- 
ferred, RBP can be cleared. 


The Command_Decode 
procedure is called from the 
SIU_INT 
procedure when the STATION_STATE 
= 
ITS 
and the SIU left the AUTO mode as a 
resul"t;,f not being able to recognize the receive control 
byte. Commands which the SIU AUTO mode does not 
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recognize are handled here. The commands recognized 
in this procedure are: SNRM, DISC, and TEST. Any 
other command received will generate a Frame Reject 
with the nonimplemented command bit set in the third 
data byte of the FRMR frame. Any additional unnum- 
bered frame commands which the secondary station is 
going to implement, should be implemented in this pro- 
cedure. 


IF an SNRM is received the command_decode proce- 
dure 
calls the 
SNRM~esponse 
procedure. The 
SNRM~esponse 
procedure sets the STATION_ 
STATE = I_T_S, 
clears the NSNR register and re- 


sponds with a UA frame. If a DISC is received, the 
command_decode 
procedure 'sets the STATION_ 
STATE = L~_S, 
and responds with a UA frame. 


When a TEST frame is received, and there is no buffer 
overrun, the command_decode 
procedure responds 
with a TEST frame retransmitting the same data it re- 
ceived. However if a TEST frame is received and there 
is a buffer overrun, then a TEST frame will be sent 
without any data, instead of a FRMR with the buffer 
overrun bit set. 
' 


There are two procedures which handle the FRMR 
state: 
XMIT_FRMR 
and 
IN_FRM~STATE. 
XMIT_FRMR 
is entered when the secondary station 
first goes into the FRMR state. The frame reject re- 
sponse frame contains the FRMR response in the com- 
mand field plus three additional data bytes in the I 


field. Figure 11 displays the format for the three data 
bytes in the I field of a FRMR response. The XMIT_ 
FRMR procedure sets up the Frame Reject response 
frame based on the parameter REASON which is 
passed to it. Each place in the SSD code that calls the 
XMIT_FRMR 
procedure, passes the REASON that 
this procedure was called, which in turn is communi- 
cated to the primary station. The XMIT_FRMR 
pro- 
cedure uses three bytes of internal RAM which it ini- 
tializes for the correct response. The TBS and TBL reg- 
isters are then changed to point to the FRMR buffer so 
that when a response is sent these three bytes will be 
included in the I field. 


The IN_FRMR_STATE 
procedure is called by the 
SIU_INT 
procedure when the STATION_STATE 
already is in the FRMR state and a response is re- 
quired. The IN_FRMR_ST 
ATE procedure will only 


allow two commands to remove the secondary station 
from the FRMR state: SNRM and DISC. Any other 
command which is received while in the FRMR state 
will result in a FRMR response frame. 


This is a general purpose transmit procedure, used only 
in the FLEXIBLE mode, which sends unnumbered re- 
sponses to the primary. It accepts the control byte as a 
parameter" and also expects the TBL register to be set 
before the procedure is called. This procedure waits un- 
til the frame has been transmitted before returning. If 
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this procedure returned before the transmit interrupt 
was generated, the SIU_INT 
routine would be en- 
tered. The SIU_INT 
routine would not be able to dis- 
tinguish this condition. 


SSD's User Interface Procedures-oPEN, 
CLOSE, 
TRANSMIT, SIU_RECV-are 
discussed in the fol- 
lowing section. 


The OPEN procedure is the simplest of all, it changes 
the USER-STATE 
to OPEN_S 
then returns. This 
lets the SSD know that the user wants to open the 
channel for communications. When the SSD receivesa 
SNRM command, it checks the USER-STATE. 
If the 
USER-STATE 
is open, then the SSD will respond 
with a UA, and the STATION_STATE 
enters the 
I_T_S. 


The CLOSE procedure is also simple, it changes the 
USER-STATE 
to CLOSED_S and sets the AM bit 
to O. Note that when the CPU sets the AM bit to 0 it 
puts the SIU out of the AUTO mode. This event is 
asynchronous to the events on the network. As a result 
an I frame can be lost. This is what can happen. 
I. AM is set to 0 by the CLOSE Procedure. 
2. An I frame is received and an SI interrupt occurs. 
3. The SIU-INT 
procedure enters case 2 (STA- 
TION_STATE 
= I_T_S, 
and AM = 0). 
4. Case 
2 
detects 
that 
the 
USER-STATE 
CLOSED_S, sends an RD response and ignores the 
fact that an I frame was received. 


Therefore it is advised to never call the CLOSE proce- 
dure or take the SIU out of the AUTO mode when it is 
receiving I frames or an I frame will be lost. 


For both the TRANSMIT and SIU_RECV 
proce- 
dures, it is the application software's job to put data 
into the transmit buffer, and take data out of the re- 
ceive buffer. The SSD does not transfer data in or out 
of its transmit or receive buffers because it does not 
know what kind of buffering the application software is 
implementing. What the SSD does do is notify the ap- 
plication software when the transmit buffer is empty, 
XMITJUFFER-EMPTY 
= I, and when the re- 
ceive buffer is full. 


One of the functions that the SSD performs to synchro- 
nize the application software to the SDLC data link. 
However some of the synchronization must also be 
done by the application software. Remember that the 
SSD does not want to hang up the application software 
waiting for some event to occur on the SDLC data link, 
therefore the SSD always returns to the application 
software as soon as possible. 


For example, when the application software calls the 
OPEN procedure, the SSD returns immediately. The 


application software thinks that the SDLC channel is 
now open and it can transmit. This is not the case. For 
the channel to be open, the SSD must receive an 
SNRM from the primary and respond with a UA. 
However, the SSD does not want to hang up the appli- 
cation software waiting for an SNRM from the primary 
before returning from the OPEN procedure. When the 
TRANSMIT procedure is called, the SSD expects the 
STATION_STATE 
to be in the I_T_S. 
If it isn't, 
the SSD refusesto transmit the data. The TRANSMIT 
procedure first checks to see if the USER-STATE 
is 
open. If not, the USER-STATE_CLOSED 
parame- 
ter is passed back to the application module. The next 
thing TRANSMIT checks is the STATION_STATE. 
If this is not open, then TRANSMIT passes back 
LINK_DISCONNECTED. 
This 
means 
that 
the 
USER-STATE 
is open, but the SSD hasn't received 
an SNRM command from the primary yet. Therefore, 
the application software should wait awhile and try 
again. Based on network performance, one knows the 
maximum amount of time it will take for a station to be 
polled. If the application software waits this length of 
time and tries again but still gets a LINK...J)ISCON- 
NECTED parameter passed back, higher levelrecovery 
must be implemented. 


Before loading the transmit buffer and calling the 
TRANSMIT procedure, the application software must 
check to see that XMITJUFFER-EMPTY 
= I. 


This flag tells the application software that it can write 
new data into the transmit buffer and call the TRANS- 
MIT procedure. After the application software has ver- 
ified that XMIT_BUFFEIL-EMPTY 
= I, it fills the 
transmit buffer with the data and calls the TRANS- 
MIT procedure passing the length of the buffer as a 
parameter. The TRANSMIT 
procedure checks for 
three reasons why it might not be able to transmit the 
frame. If any of these three reasons are true, the 
TRANSMIT procedure returns a parameter explaining 
why it couldn't send the frame. If the application soft- 
ware receivesone of these responses, it must rectify the 
problem and try again. Assuming these three condi- 
tions are false, then the SSD clears XMIT_BUFF- 
ER-EMPTY, 
attempts to send the data and returns 
the parameter DATA-.TRANSMITIED. 
XMIT_ 
BUFFER-EMPTY 
will not be set to I again until the 
data has been transmitted and acknowledged. 


The SIU-JU:CV 
procedure must be incorporated into 
the application software module. When a valid I frame 
is received by the SIU, it calls the SIU_RECV 
proce- 
dure and passes the length of the received data as a 
parameter. The SIU_RECV 
procedure must remove 
all of the data from the receive buffer before returning 
to the SIU_INT 
procedure. 


Figure 12 shows the necessary parts to include in a 
PLIM-51 application program that will be linked to the 
SSD module. RL51 is used to link and locate the SSD 
and application modules. The command line used to do 
this is: 


RL5l SSD.obj.filename.obj.PLM5l.LIB TO 
filename 1 RAMSIZE(192) 


'registerbank(O) 
user'mod: do; 
'include (reg44.dcl) 
declare 
lit 
buffer_length 
siu_XIDit_buffer 
(buffer_length) 
siu_recv_buffer 
(buffer_length) 
byte 
X1Dit_buffer_emptybit 


literally 
'literally'. 
lit 
'60'. 


external, 
external; 


power_on_d: procedure 
external; 
end power_on_d; 


close: procedure 
external using 1; 
end close; 


open: procedure 
end open; 


transmit: procedure 
(XIDit_buffer_length)byte 
declare X1Dit_buffer_length 
end transmit; 


external; 
byte; 


siu_recv: procedure (length) 
public 
declare 
length 
byte • 
• 


The 8044 has four register banks. PLIM-51 assumes 
that an interrupt procedure never uses the same bank as 
the procedure it interrupts. The USING attribute of a 
procedure, or the $REGISTERBANK 
control, can be 
used to ensure that. 


The SSD module uses the $REGISTERBANK(I) 
attri- 
bute. Some procedures are modified with the USING 
attribute based on the register bank level of the calling 
procedure. 


2.4 Application 
Module; ASYNC to 
SOLC Protocol Converter 


One of the purposes of this application module is to 
demonstrate how to interface software to the SSD. An- 
other purpose is to implement and test a practical appli- 
cation. This application software performs I/O with an 
async terminal through a USART, buffers data, and 
also performs I/O with the SSD. In addition, it allows 
the user on the async terminal to: set the station ad- 
dress, set the destination address, and go online and 
omine. Setting the station address sets the byte in the 
STAD register. The destination address is the first byte 
in the I field. Going online or omine results in either 
calling the OPEN or CLOSE procedure respectively. 


After the secondary station powers up, it enters the 
'terminal mode', which accepts data from the terminal. 
However, before any data is sent, the user must con- 
figure the station. The station address and destination 
address must be set, and the station must be placed 
online. To configure the station the ESC character is 
entered at the terminal which puts the protocol con- 
verter into the 'configure mode'. Figure 13 shows the 
menu which appears on the terminal screen. 


(1)8044 Secondary Station 
/ 


I - Set the Station Address 
2 - Set the Destination Address 
3 - Go Online 
4 - Go Offiine 
5 - Return to terminal mode 
Enter option _ 


In the terminal mode data is buffered up in the second- 
ary station. A Line Feed character 'LF' tells the sec- 
ondary station to send an I frame. If more than 60 bytes 
are buffered in the secondary station when a 'LF' is 
received, the applications software packetizes the data 
into 60 bytes or less per frame. If a LF is entered when 
the station is omine, an error message comes on the 
screen which says 'Unable to Get Online'. 


The secondary station also does error checking on the 
async interface for Parity, Framing Error, and Overrun 
Error. If one of these errors are detected, an error mes- 
sage is displayed on the terminal screen. 
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There are two separate buffers in the application mod- 
ule: a transmit buffer and a receivebuffer.The transmit 
buffer receives data from the USART, and sends data 
to the SSD. The receive buffer receives data from the 
SSD, and transmits data to the USART. Each buffer is 
a 256 byte software FIFO. If the transmit FIFO be- 
comes full and no 'LF character is received, the sec- 
ondary station automatically begins sending the data. 
In addition, the application modules will shut off the 
terminal's transmitter using crs until the FIFO has 
been partially emptied. A block diagram of the buffer- 
ing for the protocol converter is given in Figure 14. 


A block diagram of the application module software is 
givenin Figure 15.There are three interrupt routines in 
this 
module: 
USART-RECV_INT, 
USART_ 
XMIT_INT, 
and TIMElL-O_INT. 
The first two are 
for servicing the USART. TIMElL-O_INT 
is used if 
the TRANSMIT procedure in the SSD is called and 
does not return witli the DATA-- TRANSMITTED 
parameter. TIMElL-O_INT 
employs Timer°to wait 
a finite amount of time before trying to transmit again. 
The highest priority interrupt is USART_RECV_ 
INT. The main program and all the procedures it calls 
use register bank 0, USART--"MIT_INT 
and TIM- 
ElL-O_INT 
and FIFO-lL-OUT 
use bank I, while 
USART-RECV _INT 
and all the procedures it calls 
use register bank 2. 


The Power_On procedure initializesall of the chips in 
the system including the 8044.The 8044is initialized to 
use the on-chip DPLL with NRZI coding, PreFrame 
Sync, and Timer I auto reload at a baud rate of 
62.5 Kbps. The 8254and the 8251Aare initialized next 
based on the DIP switch values attached to port 1 on 
the 8044.Variablesand pointers are initialized,then the 
SSD's Power-Up Procedure, Power_On~, 
is called. 
Finally, the interrupt system is enabled and the main 
program is entered. 


The main program is a simple loop which waits for a 
frame transmit command. A frame transmit command 
is indicated when the variable SEND_DATA 
is great- 
er than 0. The value of SEND_DATA 
equals the 
number of 'LF characters in the transmit FIFO, hence 
it also indicates the number of frames pending trans- 
mission. Each time a frame is sent, SEND_DATA 
is 
decremented by one. Thus when SEND_DATA 
is 
greater than 0, the main program falls down into the 


next loop which polls the XMIT_BUFFElL-EMP- 
TY bit. When XMIT_BUFFElL-EMPTY 
equals I, 
the SIU_XMITJUFFER 
can be loaded. The first 
byte in the buffer is loaded with the destination address 
while the rest of the buffer is loaded with the data. 
Bytes are removed from the transmit FIFO and placed 
into the SIU~MITJUFFER 
until one of three 
things happen: 1. a 'LF character is read out of the 
FIFO, 2. the number of bytes loaded equals the size of 
the SIU_XMITJUFFER, 
or 3. the transmit FIFO 
is empty. 


After the SIU~MITJUFFER 
is ftlled, the SSD 
TRANSMIT procedure is called and the results from 
the procedure are checked. Any result other than 
DATA-- TRANSMITTED will result in severalretries 
within a finite amount of time. If all the retries fail, 
then the LINK_DISC 
procedure is called which sends 
a messageto the terminal, 'Unable to Get Online'. 


When the 8251A receivesa character, the RxRDY pin 
on the 8251Ais activated, and this interrupt procedure 
is entered. The routine reads the USART status register 
to determine if there are any errors in the character 
received.If there are, the character is discarded and the 
ERROR procedure is called which prints the type of 
error on the screen. If there are no errors, the received 
character is checked to see if it's an ESC. If it is an 
ESC, the MENU procedure is called which allows the 
user to change the configuration. If neither one of these 
two conditions exists, the receivedcharacter is inserted 
into the transmit FIFO. The receivedcharacter mayor 
may not be echoed back to the terminal based on the 
dip switch settings. 


The transmit FIFO consistsof two procedures: FIFO_ 
T_IN 
and FIFO_T_OUT. 
FIFO_T_IN 
inserts a 
character into the FIFO, and FIFO_T_OUT 
re- 
moves a character from the FIFO. The FIFO itself is 
an array of 256 bytes called FIFO_T. 
There are two 
pointers used as indexes in the array to address the 
characters: IN_PTlL-T 
and OUT_PTR_T. 
IN_ 
PTlL-T 
points to the location in the array which will 
store the next byte of data inserted. OUT_PTlL-T 
points to the next byte of data removed from the array. 
Both IN_PTlL-T 
and OUT_PTlL-T 
are declared 
as bytes. The FIFO_T_IN 
procedure receivesa char- 
acter from the USART-RECV _INT 
procedure and 
stores it in the array location pointed to by IN-YTlL- 
T, then IN_PTlL-T 
is incremented. Similarly, when 
FIFO_T_OUT 
is called by the main program, to 
load the SIU--"MIT_BUFFER, 
the byte in the array 
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pointed to by OUT_PTR-T 
is read, then OUT_ 
PTR_T 
is incremented. Since IN_PTR-T 
and 
OUT~R-T 
are always incremented, they must be 
able to roll over when they hit the top of the 256 byte 
address space. This is done automatically by having 
both IN_PTR-T 
and OUT_PTR-T 
declared as 
bytes. Each character inserted into the transmit FIFO 
is tested to see if it's a LF. If it is a LF, the variable 
SEND_DATA 
is incremented, which lets the main 
program know that it is time to send an I frame. Simi- 
larly each character removed from the FIFO is tested. 
SEND_DATA 
is decremented for every LF character 
removed from the FIFO. 


IN_PTR-T 
and OUT~R-T 
are also used to in- 
dicate how many bytes are in the FIFO, and whether it 
is full or empty. When a character is placed into the 
FIFO and IN~R-T 
is incremented, the FIFO is 
full if IN_PTR-T 
equals OUT_PTR-T. 
When a 
character is read from the FIFO and OUT_PTR-T 
is incremented, the FIFO is empty if OUT~R-T 
equals IN_PTR-T. 
If the FIFO is neither full nor 
empty, then it is in use. A byte called BUFFER- 
STATUS_T is used to indicate one of these three con- 
ditions. The application module uses the buffer status 
information to control the flow of data into and out of 
the FIFO. When the transmit FIFO is empty, the main 
program must stop loading bytes into the SIU_ 
XMIT_BUFFER. 
Just before the FIFO is full, the 
async input must be shut off using CTS. Also, if the 
FIFO is full and SEND_DATA 
= 0, then SEND_ 
DATA must be incremented to automatically send the 
data without an LF. 


The receive FIFO operates in a fashion similar to the 
transmit FIFO. Data is inserted into the receive FIFO 
from the SIU_RECV 
procedure. The SIU_RECV 
procedure is called by the SIU_INT 
procedure when a 
valid I frame is received. The SIU_RECV 
procedure 
merely polls the receive FIFO status to see if it's full 
before transferring each byte from the SIU~CV 
_ 
BUFFER into the receiveFIFO. If the receiveFIFO is 
full, the SIU_RECV 
procedure remains polling the 
FIFO status until it can insert the rest of the data. In 
the meantime, the SIU AUTO mode is responding to 
all polls from the primary with a RNR supervisory 
frame. The USART_XMIT_INT 
interrupt proce- 
dure removes data from the receive FIFO and trans- 
mits it to the terminal. The USART transmit interrupt 
remains enabled while the receive FIFO has data in it. 
When the receive FIFO becomes empty, the USART 
transmit interrupt is disabled. 


The primary station is responsible for controlling the 
data 
link. It 
issues commands to the 
secondary 


stations and receivesresponsesfrom them. The primary 
station controls link access, link level error recovery, 
and the flow of information. Secondaries can only 
transmit when polled by the primary. 


Most primary stations are either micro/minicomputers, 
or front end processors to a mainframe computer. The 
example primary station in this design is standalone. It 
is possiblefor the 8044to be used as an intelligent front 
end processor for a microprocessor, implementing the 
primary station functions. This latter type of design 
would extensivelyoff-loadlink control functions for the 
microprocessor. The code listed in this paper can be 
used as the basis for this primary station design. Addi- 
tional software is required to interface to the micro- 
processor. A hardware design example for interfacing 
the 8044to a microprocessor can be found in the appli- 
cations section of this handbook. 


The primary station must know the addresses of all the 
stations which will be on the network. The software for 
this primary needs to know this before it is compiled, 
however a more flexiblesystem would download these 
parameters. 


From the listing of the software it can be seen that the 
variable NUMBER-OF_STATIONS 
is a literal dec- 
laration, which is 2 in this design example. There were 
three stations tested on this data link, two secondaries 
and one primary. Following the NUMBER-OF_ 
STATIONS declaration is a table, loaded into the ob- 
ject code file at compile time, which lists the addresses 
of each secondary station on the network. 


The primary station keeps a record of each secondary 
station on the network. This is called the Remote Sta- 
tion Database (RSD). The RSD in this software is an 
array of structures, which can be found in the listing 
and also in Figure 16. Each RSD stores the necessary 
information about that secondary station. 


To add additional secondary stations to the network, 
one simply adjusts the NUMBER-OF _STATIONS 
declaration, and adds the additional addresses to the 
SECONDARY~DDRESSES 
table. The number of 
RSDs is automatically allocated at compile time, and 
the primary automatically polls each station whose ad- 
dress is in the SECONDARY~DDRESSES 
table. 


Memory for the RSDs resides in external RAM. Based 
on memory requirements for each RSD, the maximum 
number of stations can be easily buffered in external 
RAM. (254secondary stations is the maximum number 
SDLC will address on the data link; i.e. 8-bit address, 
FF H is the broadcast address, and 0 is the null ad- 
dress. Each RSD uses 70 bytes of RAM. 70 x 254 = 
17,780.) 


The station state, in the RSD structure, maintains the 
status of the secondary. If this byte indicates that the 
secondary is in the DISCONNECT_S, 
then the pri- 
mary tries to put the station in the I_T_S 
by sending 
an SNRM. If the response is a UA then the station 
state changes into the 1_ T_So Any other frame re- 
ceived results in the station state remaining in the DIS- 
CONNECT_S. 
When the RSD indicates that the sta- 
tion state is in the I_T_S, 
the primary will send either 
an I, RR, or RNR command, depending on the local 
and remote buffer status. When the station state equals 
GO_TO-DISC 
the primary will send a DISC com- 
mand. If the response is a UA frame, the station state 
will change to DISCONNECT_S, 
else the station 
state will remain in GO_TO-DISC. 
The station state 
is set to GO_TO_DISC 
when one of the following 
responses occur: 
I. A receive buffer overrun in the primary. 
2. An I frame is received and Nr(p) *- Ns(S). 
3. An I frame or a Supervisory frame is received and 
Ns(P) + I *- Nr(S) and Ns(P) *- Nr(S). 


4. A FRMR response is received. 
5. An RD response is received. 
6. An unknown response is received. 


The send count (Ns) and receive count (Nr) are also 
maintained in the RSD. Each time an I frame is sent by 
the primary and acknowledged by the secondary, Ns is 
incremented. Nr is incremented each time a valid I 
frame is received. BUFFER..-ST ATUS indicates the 
status of the secondary station's buffer. If an RR re- 
sponse is received, BUFFER..-ST ATUS is set to 
BUFFER..-READY. 
If a RNR response is received, 
BUFFER..-STATUS 
is set to 
BUFFER..-NOT_ 
READY. 


The buffering for the primary station is as follows: 
within each RSD is a 64 byte array buffer which is 
initially empty. When the primary receives an I frame, 
it looks for a match between the first byte of the I frame 
and the addresses of the secondaries on the network. If 
a match exists, the primary places the data in the RSD 
buffer 
of 
the 
destination 
station. 
The 
INFO_ 
LENGTH in the RSD indicates how many bytes are in 
the buffer. If INFO_LENGTH 
equals 0, then the 
buffer is empty. The primary can buffer only one I 
frame per station. If a second I frame is received while 
the addressed secondary's RSD buffer is full, the pri- 
mary cannot receive any more I frames. At this point 
the primary continues to poll the secondaries using 
RNR supervisory frame. 


A block diagram of the primary station software is 
shown in Figure 17. The primary station software con- 
sists of a main program, one interrupt routine, and sev- 
eral procedures. The POWER..-ON procedure begins 
by initializing the SIU's DMA and enabling the receiv- 
er. Then each RSD is initialized. The DPLL and the 
timers are set, and finally the TIMER ° interrupt is 
enabled. 


The main program consists of an iterative do loop with- 
in a do forever loop. The iterative do loop polls each 
secondary station once through the do loop. The vari- 
able STATION_NUMBER 
is the counter for the iter- 
ative do statement which is also used as an index to the 
array of RSD structures. The primary station issuesone 
command and receivesone response from every second- 
ary station each time through the loop. The first state- 
ment in the loop loads the secondary station address, 
indexed by STATION~UMBER 
into the array of 
the RSD structures. Now when the primary sends a 
command, it will have the secondary's address in the 
address field of the frame. The automatic address rec- 
ognition feature is used by the primary to recognize the 
response from the secondary. 


Next, the main program determines the secondary sta- 
tion's state. Based on this state, the primary knows 
what command to send. If the station is in the DIS- 
CONNECT_S, 
the primary calls the SNRMJ 
pro- 


cedure to try and put the secondary in the 1_ T_So If 
the station state is in the GO_TO_DISC 
state, the 
DISC_P 
is called to try and put the secondary in the 
L_D_S. 
If the secondary is in neither one of the 
above two states, then it is in the LT_S. 
When the 
secondary is in the 1_ T_S, 
the. primary could send 
one of three commands: I, RR, or RNR. If the RSD's 
buffer has data in it, indicated by INFO_LENGTH 
being greater than zero, and the secondary's BUFF- 
ER..-ST ATUS equals BUFFER_READY, 
then an I 
frame will be sent. Else if RPB = 0, an RR supervisory 
frame will be sent. If neither one of these cases is true, 
then an RNR will be sent. The last statement in the 
main program checks the RPB bit. If set to one, the 
BUFFER..-TRANSFER 
procedure is called, which 
transfers the data from the SIU receive buffer to the 
appropriate RSD buffer. 


STATION-ADDRESS 


STATION-STATE 


NS 


NR 


BUFFER-STATUS 


INFO-LENGTH 


DATA 
(0) 


DATA (63) 


Each time a frame is transmitted, the primary sets a 
receive time out timer; Timer O. If a response is not 
. received within a certain time, the primary returns to 
the main program and continues polling the rest of the 
stations. The minimum length of time the primary 
should wait for a response can be calculated as the sum 
of the folIowing parameters. 
I. Propagation time to the secondary station 
2. Clear-to-send at the secondary station's DCE 
3. Appropriate time for secondary station processing 
4. Propagation time from the secondary station 
5. Maximum frame length time 


The clear-to-send time and the propagation time are 
negligible for a local network at low bit rates. However, 
the turnaround 
time and the maximum frame length 
time are significant factors. Using the 8044 secondaries 
in the AUTO mode minimizes turnaround 
time. The 


maximum frame length time comes from the fact the 
8044 does not generate an interrupt from a received 
frame until it has been c9mpletely received, and the 
CRC is verified as correct. This means that the time- 
out is bit rate dependent. 


Each time an I frame or supervisory frame is received, 
the Nr field in the control byte must be checked. Since 
this data link only alIows one outstanding frame, a val- 
id Nr 
would satisfy either one of two equations; 


Ns(P) + I = Nr(S) the I frame previously sent by the 
primary is acknowledged, Ns(P) = Nr(S) the I frame 
previously sent is not acknowledged. If either one of 
these two cases is true, the CHEC~NR 
procedure 
returns a parameter of TRUE; otherwise a FALSE pa- 
rameter is returned. If an acknowledgement is received, 
the Ns byte in the RSD structure is incremented, and 
the Information buffer may be cleared. Otherwise the 
information buffer remains fulI. 


When an I frame is received, the Ns field has to be 
checked also. If Nr(P) = Ns(S), then the procedure 
returns TRUE, otherwise a FALSE is returned. 


The receive procedure is calIed when a supervisory or 
information frame is sent, and a response is received 
before the time-out period. The RECEIVE procedure 
can be broken down into three parts. The first part is 
entered if an I frame is received. When an I frame is 
received, Ns, Nr and buffer overrun are checked. If 
there is a buffer overrun, or there is an error in either 
Ns or Nr, then the station state is set to GO_TO_ 
DISC. Otherwise Nr in the RSD is incremented, the 
receive field length is saved, and the RPB bit is set. By 
incrementing the Nr field, the I frame just received is 
acknowledged the next time the primary polIs the sec- 
ondary with an I frame or a supervisory frame. Setting 
RBP protects the received data, and also telIs the main 
program that there is data to transfer to one of the RSD 
buffers. 


intJ 


If a supervisory frame is received, the Nr field is 
checked. If a FALSE is returned, then the station state 
is set to GO_TO_DISC. 
If the supervisory frame re- 
ceived was an RNR, buffer status is set to not ready. If 
the response is not an I frame, nor a supervisory frame, 
then it must be an Unnumbered frame. 


state is set to GO_TO~ISC. 
However, if the frame 
received is a FRMR, Nr in the second data byte of the I 
field is checked to see if the secondary acknowledged an 
I frame received before it went into the FRMR state. If 
this is not done and the secondary acknowledged an I 
frame which the primary did not recognize, the pri- 
mary transmits the I frame when the secondary returns 
to the 1_ T_So In this case, the secondary would re- 
ceive duplicate I frames. 
The only Unnumbered frames the primary recognizes 
are UA, DM, and FRMR. In any event, the station 
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Figure 21. secondary 
Station 
Driver Flow Chart 
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Station 
Driver Flow Chart 
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APPENDIX B 
LISTINGS OF SOFTWARE MODULES 


'TITLE 
('Rt*lI-44 
S.con •• "." St.tion 
D1"iv.r') 
eDElug 
8>REOISTERIN«C 
1» 
ftAINtl1OD: 
DOl 


...aLIIST 


D£CLARE LIT 
T1IUE 
FIlL. 
FOIOEIIE1I 


LIT£fIALLY 
eIT 
eIT 
eIT 


DECLAAI[ 
_" 
lH\ 
DI8C 


"""""" 
REQJ)I8C 
..•. 
TEST 


DIIICCNECT_S 
FR""_8 
I_T_8 


'LITEJltALLY' 
• 
'OFFH', 
'OOH', 
'WHILE 
1'1 


'1I3H', 
'73H'. 
'43H', 
'lFH', 
'97H', 
'S3H' • 
'33H', 
'OE3H', 


'OOH', 
/. 
LOQICAl..LY 
DISCQfrM:CTED 
BTATE_/ 


'OtH'. 
,_ 
FRNE 
"E'-'Eel 
STATE 
_, 


'02H'. 
,_ 
IflFO'U'""TIDN 
TRAHBFEA 
BTATE 
_, 


Ul!IE"_8TATE_CL08£D 
LIT 
LINKJ)JacCHECTED 
LIT 
OVERFLOW 
LIT 
DttlTl'_TftAHSftJTTED 
LIT 


'OQH'. 
'OlH', 
'021<', 
'0311', 


UNASBIONED_C 
LIT 
NO_IJJELD-.ALLOWED 
LIT 
lUFF_OWRRUN 
LIT 
BES..ERR 
crT 


'OOH', 
'OlH', 
'OiZH', 
'03H', 


7 
2 
I 
2 
9 
I 


10 
2 
II 
2 
12 
I 


13 
2 
14 
2 
15 
2 
16 
I 


'7 
2 


II 
2 
19 
2 
ao 
2 
21 
2 
aa 
2 
23 
2 
24 
2 


25 


26 
2 


27 
2 


a 
2 


30 
2 


32 
2 


34 
3 


UIIEII•••.•ATI! 
elATION_aTATE 
IjII_J.ENOTH 


AUXILIARY. 
M.IX1LINtY. 
AUXILIARY. 


IIUFFEII...,I.ENOTH 
IIU_X"I T•..•I*FElO(IUFl'Ell...,l.ENllTH> 
IIUJlECY •..•UFFEll(II*FEII...,I.ENOTH 
> 
_ 
•..•UI'FEIIC31 
IYTE. 


'60'. 
~UlLJC 
~UlLIC. 


SIU...,RECY: 
PROCEDUltE 
CLaNQTH) 
EITERNM., 
Dl!CLME 
LEN8TH 
1'fTa1 
£HI) 81UJlECV, 


CIIEN: ~"DCEDUtI: 'UiLle 
velNO 2, 
UBP_nATE-ePEN_8J 
END 
(PEN. 


CLOII£: 
PROCIEDUtE 
PUILIC 
USINO 
2. 
-, 
UIIEJIt_8TATE-<:L08ED 
__ , 


END 
CLOSE, 


'CIoER_ClttJ):""OCEDUltE 
"..-LIC WtNl 
0, 


USER_srAT£-eLOSED_B' 
STAT IDN_STATE-aIIlCONNECT 
_Sf 
r•••.8JU_I"IT-.lUFFEJUO), 
" •••.• 
IU.JtEC"' 
•.••"F£.UO), 
"".M.FP'ER~THI 
"1£-1, 
'* En.lt •• 
the 811.1'. receive" 
_, 
X"ITJUFFER-DPTY-l, 


END 
ItOWERUJNJh 


TR••••••• IT: 
'ROCEDURE 
U"IT~~TH» 
IYTE 
,vaLle 
UBINO 
01 


IlECLME X"IT•..•UFl'EIIJ.ENOTH 
IVTI!, 
I 
IYTI 
M.lIILI ••••V. 


STATUS 
IYTE 
AUXlL.IARY, 


.,. 
~_8TATE-eL08ED_8 
THIN 
STATVS-UIIER_STATE_CL.08ED. 
£LeE IF 8TATION__ TATE-DISCCNrrECT_. 


THEN 
STATU8-t.I_-DIBCONrIECT£D, 
a.. IF 
X"IT•..•UFnIlJ.ENO_J.ENOTH 
THEN 
8TATU8-OYE'RFLOW. 
ELSE 
DO, 


inter 


35 
3 
36 
3 
37 
3 


38 
3 
~ 
3 
40 
3 
41 
2 
42 
I 


43 
2 


44 
2 


45 
2 
•• 
2 
47 
2 
48 
3 
4. 
3 
SO 
2 


51 


52 


53 
2 
54 
2 
55 
2 


57 
3 
58 
3 
5. 
3 
60 
2 


62 
3 
63 
3 
••• 
3 
65 
2 


66 


67 
2 
•• 
2 


6. 
2 


70 
2 
71 
2 
72 
2 


73 
2 
74 
3 
75 
3 


."IT ••.•Ufr'fI'D-.E •• Ty·O, 
TIL-X"l 
TJUFFEJtJ.E:NQTH, 
IJRNIE~£NOTH.X"JT 
__ UFFER_LENOTHI '* Sto"e 
hnlttl 
in 
c•••• 
htion 
is ",••• t _, FIt ••• 
IINR" 
etc. *' 
rIF-I., 
8TA~DAT~_"ANBf'lTT£DI 
EN.h 
RETURN 
STATUS, 
END 
TRAN8t'IT 
J 


X"IT_I.NfUt'lIERED: 
PROCEDURE 
CCONTRDLJYTE) 
I 


DECLARE 
CDNTROL.-IVTE 
IYTE, 


TCI-eONTROLJYTE, 
rIF-I, 
fliTS-I, 
DO 
•• -tlLE 
NOT 
81, 
END. 
81-0, 


8NIt"-"E.ON8E: 
PROCEDURE I 


STATION_aTAT£-I_T_S. 
_-0. 
Jf' 
CRel 
AND 10tH 
0 
0 '* "••,onel 
if 
'01 
••••• 
/ 
THEN 
DOl 
TBL-oJ 
CALL 
X"IT_~E"EJ)(UA.' 


END. 
IF X"ITJurFER.-EI'PTY-o '* If .n 
I h·_ ••••• 
hft 
,en;in, 
'"en •• heion 
then "•• to". 
it *' 
THEN 
DO. 


TIL-lflME..LENOTH. 
TIF-l, 
END. 


X"ITjR 
•• 
: 
It"OCEDUll'!E 
(REABC»I) 
I 


DECLMI!: 
R£A8QN 
BYTE. 


T•••. 
Flt ••••JUFF£WCO), 
r1L-3, 
FJt".J\WFEIt 
{O."'CI, 
'* •••, "UU •• 
in ..-.t ./ 
,... •• J"P'EJUI 
)-CIHLC 
CNBNI' 
AND QE:H),.' 
DR 
SHRCCN8NR AND OEOtn. 
4')1 
DO 
CAllE 
REASON, 


FR"JUFFERC2J-<)tH, 
/. 
UNAS810frrED_C 
./ 


inter 


7. 
3 
77 
3 
71 
3 
•• 
3 


.cl 
a 


.1 
a 


e3 
3 
•.. 
3 
., 
4 
•• 
4 
• 7 
3 
• 
3 
•• 
I 


oro 
a 
•• 
a 


.:J 
a 
" 
3 
•• 
3 
•• 
3 
•• 
I 


•• 
a 


100 
a 


102 
3 
103 
3 
104 
3 


10. 
a 


107 
3 
loe 
3 
1M 
3 


III 
4 
III 
4 
113 
4 
114 
3 
"' 
3 
II. 
3 


II. 
4 
II. 
4 


••.'U"' ••••UFnR(2)-<)2HJ 
••.'UIt.."lUFFER(2)-o4H, 
FfI"JlJFF'EIt(2'.08H. 


END. 


'* ND_IJIELD.-M-lOWED 
*' 
'* lUFF 
_DYERItUN *' 
/. 
BEl_ERR *' 


8TATJDN_I!JTATE-FRPtR_S. 


IF ute. 
ItHD 
loto 
<>0 
THEN 
00. TI'-', 
.Te-l, 
DO ••.• ILE 
NOT 
81. 
END• 
81-oJ 
END. 


INJ)JSCOPMCT_8TATE: 
"tOCEDURE 
J '* C.U." 
f"o. 
SJU_IHT 
,"ocedu". *' 


IF 
CCUIIER_8TATE-oPEN_BJ 
AND 
C(RCI 
AND 
OU'HJ-IINR") 
THEN CALL 
•••• 
JtE.ON8E' 


ELK 
IF 
(Rei 
AND lOH) 
0 
0 
THEN 
00. 
nLoO• 
CALL 
X"lT_~EWED(D'UI 
END• 
I!ND 
IN..DUICDfrIlECT _STATE' 


IF 
(IIIlel 
AND OEFH).8Nt" 
THEN 
00. 
CALL "'"J'E.ONR. 
T•• •. 
SIU_X.UTJUFFE'UOb 
'* It•• to". t"en,.U 
II", ••• 
,. .taT't aU"••• *' 
1iND. 


ELK 
IF 
Ute. 
ANDOEJr'HI-DJec 
THEN 
00. 
.TATlON~TATE-oIICl:JNCCT 
_81 
n••.8JU_X"JTJUFR'UO), 
'* .•••to". 
han •• " lIlu'''", .t.", ••111,. 
••• *' 
IF 
CRCI 
AND 10.U<> 
0 
THEN 
00. 
TIL-ol 
CALL X" J T_UNNUP'II£RED C VA) I 
END. 


ELeE DOJ 
/. 
Receive 
contro) 
It. __ b 
.o_thin. 
ot".,. 
than 
DISC or 
BHR"*' 
IF u!:el ANDlotn 0 
0 
THEN 
DO. 
TI"-" 
fitTs-I. 


.llO 
• 
.2. 
• 
.22 
4 
.23 
3 


.24 


.2' 
2 


.26 
2 


.ft 
2 


.30 
3 
.3. 
3 


'33 
4 
•34 
4 
.3. 
4 
.:» 
3 


.37 
2 


.39 
3 


'4' 
4 


.43 • 
'44 • 
'4' 
• 
••• • 
.47 • 
.48 
• 
.4. 
• 
.SO • 
••• • 


.52 
4 


•54 • 
••• • 
••• • 
••7 
4 
••• 
3 
••• 
3 


'60 
2 


.62 
3 
'63 
3 


.6. 
3 


DO WfILE 
NOT 81J 
END, 
END, 


END IN..fR"'_ITATlI 


CllMANDJlECODE: 
~ROCEDURE 
, 


IF <RCI NlO OEFH'_" 
THEN 
CALL 
_"JlEPlINlIE, 


ELSE IF 
utel 
ANDOEFH)-DISC 
THEN 
DO, 
8TItTI0N_STATE-DIBCONECT 
_51 
IF 
(Rei 
ANDlOfHOO 
Tl-EN 
DO. nL-O, 
CM.L 
X"IT_ •••••••••• EREDCUt\) 
• 
E~, 


ELSE JF 
CRCB AND OEFH)-TEST 
THEN 
DOl 
IF 
CRCI 
AND 10101)>0 
/. 
" •• pond 
if 
polh. 
*' 
THEN 
DOl 
/. 
FOIt 
BOV-l, 
SEND 
THE 
TEST 
RESPONSE 
WITHOUT 
AN 
I 
FJIELD 
./ 
IF 
CIOV-J) 
THEN 
00, 
T.L.-G. 
CM.L X'UT_~ERED(T£8T 
eM 10tU. 
END' 
ELSEDO, '* If no IOY. ..n' 
".calved 
I 'hU 
lIa, t to '1'1""\1 
./ 
TIL-RFL, 
nS-RIS, 
CALL 
X"IT_UNNUPllEAEDCTEST 
OR 
lOt.." 
TI••. SJu_X"n __UFJI'ERtOJJ 
/. 
R•• 1:.,.. TI•• 
/ 
END, 


IF 
X"IT JUF'FER_EPPTY-o 
THEN 
00 • 
TlL-IJRNEJ-ENOTHI 
TIF-., 
E~, 


THEN 
00, 
•••••• II 
IF 
X"tT __ UFFD~TY 
• 
1 


THEN 
TIL 
• 
OJ 
'IF 
•• 
, 
'* Sen' 
an 
AUTQ .od 
••.•• 
pon •• *' 


I•••• 3 
167 
3 


I.- 
2 


16. 


170 
2 


171 
2 


172 
2 
173 
2 


175 
3 


177 , 
178 , 
1~ 
5 
180 
5 
181 • 
I. 
• 
183 
3 
184 
3 


185 
2 


187 
3 


I" 
3 


1.1 
• 
1~ 
• 
1.3 
• 
I•• 
3 


1.6 
3 


1ft 


200 
• 
201 
• 
202 
3 
203 
3 
204 
3 


205 
3 
206 
3- 
3 


21.0 
4 
2U 
4 
:112 
4 
at:J 
4 
214 
4 
215 
3 
IU. 
J 


217 


SI~1 
1" 
8TATICItI_STAT£<) 
I_T_8 '* ""s_ •• 
tft 
NDN-AUTO 
•••• 
*' 
THEN 
110. 
I,. R.-o /. R.cet"e •• 
,.,.••• ? 
01••••"•• ,ons. *' 
THEN 
110. 
DO 
CME: 
STATION_STATE, 
CALL 
lNJlISCONNECTJlTATE. 
CAU. 
INjltl'lll_8TATE. 
END. 
ItIE-I, 
END. 


IF_ 
THEN 
110. 
If' 
CRCI 
NIlJ 
OEFHt.DISC 
THEH 
CALL 
COIlMND..JlECOOE. 
£LSE IF UIER_BTATE-eL08£D_B 
THEN 
DO. 
TIL-o. 
CAU. 
I"IT 
_UNfUt'IIERlEDflUG-PIBC), 
END. 
ELSE 
IF 
SE&-1 
THENC••••L •••ITft"IUSESftR). 
EL.SE 
UI' lOYal 


THEN 
DO,/. 
DON'T 
lEND FlI'''' 
IF 
A TEST 
WAS KCEJVED*I 
IF 
(RCI 
AND OEFH)-T&:ST 
THEN 
C••••L. COf9'WllHI)_KCcmE:. 
£LIE: 
CAU. X••ITJR""C1UFF3N£JtRUN), 
END. 
ELK 
CALL 
COf9IAND.J)ECDDE:, 
••I£-t. 
END. 


ELR 
DO, / ••••• 
r STILL IE 
IN AUTOttODE*' 
IF TlF-o 
THEN X••n..Jl.FP'D-P'PTY-l. 
'* n~lTTED 
A FIll ••••• 
/ 
IF ••11:-0 
THEN 
DO. 


••••• ·1' 
,. 
,,"" 
STATE *' 
"IE-I, 
'* 'IE-ENABLE 
RECEIVER 
./ 
CIlLL 
8IU...JIECVCRFLJ, 
"1"-0, 
'* Itlt 
STATE 
., 
END' 


I'tDOULE 
.fFORMTJC»I: 


COIlE 
8UE 
Cc:..TAHT 
81 IE 
DIRECT VMtlt8LE 
aUE 
INDIRECT 
VARIAILE 
aUE 
lIT aUE 
1:n-ADDftE88AlLE 
SUE 
AUXILIMV 
lJ ••• tAlU 
SUE 
Milt"' 
.••• 
TACK 8UE 
REOISTEIt-8AMUe) 
U8£D: 


460 
LUES 
READ 
o flltOOftM 
ER"OI':CS) 
EtriID,0' 
flL/"-Sl 
CCRlILATI(IrlI 


(ST~TIC+O\IERLAVQl.E 
) 
• O~H 
."0 
• 
OOOOH 
OD 
3FH+02H 
631)+.0 
3CH+OOH 
600+ 
OD 
01H+OOH 
lD+ 
00 
OOH+OOH 
OD+ 
OD 
• 0006H 
6Il 
• 
0017H 
23D 
o I 2 


inter 


.TITLE 
•••• 
v • 
• "e.h'."Il.,,1I: 
lO» 
y •• ,....,.: 
ilo' 
""'IBT 
IlECLAll£ 
LIT 
TIlut: 
FN.lIE 
FllIIEVER 
E8C 
LF 
CRB. 
BEL. 
EMOTY 
IHUE 
FULL 
~_8TATE_CL08ED 
Llfrl,-OJSCDflMCTED 
D\IEIlFLlIW 
MTA_TltANBfUTTED 


LITERALLY 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 


BUFFER...L£NllTH 
LIT 
SJU_X"IT __ ""Eft 
CIl..FF£ftJ.ENQTH) 
BIU.JlECV JlUFFER (BUFFER...L£NllTHI 
Flf'O_T<2S.) 
IYTE 
INJTJt_T 
BYTE: 
OUTJlTIt_T 
IYTE 
IU:-FER_8TATUS_T 
IYT£ 
F'JFDJUa56) 
BYTE 
INJ'TIl.Jl 
IYTE 
OUTJ'TIl_R 
BYTE 
IUFP"EJt_STATUe..Jt 
IYTE 


'LITERM.L.Y', 
'QFFH', 
'OOH', 
•••• SLE 
1'. 
'18H', 
'OA"', 
'OOH', 
'0111', 
'07H', 
'OOH', 
'OIH', 
'OaH', 
'00M'. 
·01H'. 
'OaH', 
'0311', 


'60', 
BYTE 
EXTERNM. 


BYTE 
EXTERNItL. 
AUXlL.IARY. 
AUXlLJMY. 
AUXILIARY. 
AUXILIMY. 
IllUXlLIMY. 
AUXILIARY. 
AU.ILINty. 
AUIILtMV, 


LENGTH 
CHAR 
1 
USMT_CftD 
Il£BTlNATlON...ADDREIB 
BEND-""'TA 


~SSAOE_INDEX 
ERRJlEBBAOEJ'TR 


AUXILIARY. 
AUXILIARY. 
AUXILIARY. 
AUXILIARY. 
AUXILIMY. 
MlXlLtMV, 
AUXILIARY. 
AUXILIARY, 
AUXILIARY, 


inter 


DWltJtUNC.} 
IVT!! 
CDN8TNfTCLF,CIt. 
·Ov • .,.",," 
£""'0'" 
D.'oct.II',LF.CR.O), 
L.INKe.) 
BYTE CONSTANTCLF.CIt. 
'Un.,). 
to 0.' Onlin.',LF,CR.OOH), 
D£ST.-ADDRC.) 
IVTE 
CDNST/lNfCCR.LF.LF. 
'En'." 
tho 1I•• t'not1on 
.'lIr ••• : _', 
IS•••• 
OJ, 


BIO'C(JNC.) 
BYTE COHBTAHHCIt. 
LF. LF. 
"C\n 
""'1-44 
Socon'o"'l1 
BtaUon', 
CR. LF• 
• 
\". 
Clt. 
LF. 
Ur, 


'J 
- S.t 
,,,. 
atoU,on 
A•• ,.••• 
·.LF.CR. 
'2 
- Se' 
the 
1M•• ine,ion 
A•• " ••• 
·.CIt.LF. 
'3 
- 
Qo 
OnlinO'ftltfL.". 


'4 
- 
00 
O'flino',CIt.LF. 


'S - Ret"rn 
to '.",.inol 
tto•• ·.CR.LF.LF. 


• 
Ent.,. .,'ion: 
_', 
8S. 
0), 


'"IT 
"'UFFER~TY 
BTOl'",1T 
ECICI 
WAIT 
EllR""..FLAO 


EXTERNAL. 
/. 
S."'''Of''. 
,.'" 
RUPI 
BUN T",.na.it lu"." *' 
,.tct47) 
REO. 
/. 
T.,..in.l ,.-",••• t.". *' 
ATeOI.H) 
REO.,* f1•• out 
fl., *' 
'* £""0'" ••••••• 
Flo, *' 


UBMT 
_STATUS 
USMT_DATA 
TltCR_C[lrrtTROL 
TlttD_O 
T1~_1 
T1~...2 


ATC0801H) 
MlUL.lARY. 
ATC08OOH) 
AUXILIARY. 
AT< 10034) 
AUXILIARY. 
ATCSOOOH) 
MJXlLlNllY. 
ATe 
SOOSH) 
AUXILIARY. 
ATC SOOZt) 
AUXILIARV, 


6 
2 
7 
1 
• 
2 
• 
1 


10 
2 
11 
1 


12 
2 
13 
2 
14 
1 


15 
2 
1. 
2 
17 
1 
I. 
2 


1. 
2 


20 
2 
21 
2 
22 
2 
23 
2 


24 
2 
2. 
2 
26 
2 
27 
2 


POWER_ONJ): 
PROCEDURE 
EXTERNAL' 
OlD 
PDWER_DNJJ' 


CLOSE: 
PROCEDUI'E 
EXTERNAL 
USING 
;, 
END 
CLOSE, 


TR~IT: 
PROCEDURE 
(Xf1ITJUFFERJ..£NOTHl 
IVTE 
DECLARE 
Xf1IT JUFFE"~ENQTH 
IYTE, 
END 
,",ANSI'IIT. 


TlI'IEA_O_INT: 
PROCEDURE 
INTERRUPT 
1 
USING 
II 
WAIT-O, 
END 
TII'tER_O_INT. 
-_. 
TI'tOD-21HI 
THl-oFFH, 
TCDN-4OH, 


Tlf1EA_CONTfllOL-37H, 
,_ InUi.Uu 
UBAAT'. 
_••'e. clac., 
8254 *' 
TJI'tER_O-04HI 
TIl'ER_o-ooHl 
TIf'ER_CONTROL-77HJ 
'* InUJ..U •• 
T.C. 
R.e 
0/ 


/0 
Definition 
flat" '1, •• Uch ti.d 
to 
PI. o to 
PI." 


lit A.'. 
3 
2 


300 
on 
on 
on 
1200 
on 
on 
0" 
2400 
on 
." 
on 
4800 
on 
0" 
0" 
.600 
0" 
on 
on 
1.200 
0" 
on 
0" 
8top Ut 


1 
on 
2 
0" 


•.•"it .• 
6 
0" 
on 
on 
000 
on 
0" 
0" 
0" 
on 
even 
0" 
0" 


atI 
2 
~ 
2 


31 
3 


32 
4 
33 
4 
34 
4 
35 
4 


:No 
4 
37 
4 
:Ie 
4 
39 
4 


40 
4 
41 
4 
42 
4 
43 
4 
•• 
4 
45 
4 
•• 
4 
47 
4 
•• 
4 
4' 
4 


lie 
4 
51 
4 


52 
4 
53 
4 
54 
4 
55 
4 
56 


57 
58 
59 
60 


61 
62 
63 


65 


66 
67 
•• 


TUP"" 
AND 07HJ 
/* R•• d 
the 
cU, 
•• itch 
to 
1I.,..,..tne 
Ue 
tit: ".,. *' 
IF TDP>S 
THDl TE,,-oJ 


DO CAeE TaP 
I 
'* 300 *' 
Tlf'IEJI_l-e3H, 
TJI'E"_'-2OH1 


END. 


TJf"ER_l-aoH1 
TII'tEIt_l-oSH, 


END. 


TII'ER_l-6OH1 
TIl'ER_l-02HJ 


END • 


TIPER_I-3OM. 
TII'EI'_l-olH. 


END. 


TII'ER_l-oSH. 
1UE"_I-o, 


END. 


rUIER_I-33H, 
TlfIER_lao, 
END. 


END. 


UBMT-.8TAT\IS-o, 
/. 
80ft 
•• .,.. ,o••,,-on 
" ••• , 
for 
82S1A *' 
USMT _STA'T\.I8-0. 
V8MT _8TATus-O' 
ueMT _8TATUB-40foh 


TEI9'-oN1I 
'* D.'.l'.tne 
th* 
,."itV 
.nil • of stop Uta *' 


TDP-TDtt 
OR ('1 
AND 
30M), 
JF SUP JIT-, 
THEN 
TEN'-TEPP 
DR 
OCOHI 


ELSE TEI'I'-n:.. 
DR 40.,,11 


inter 


69 
2 


70 
2 


71 
2 


72 
2 


73 
2 


74 
2 


7' 
2 


76 


77 
2 
78 
2 


79 
2 
80 
2 
., 
2 


83 
3 
84 
3 
8' 
3 
86 
3 
87 
3 
• 
2 


90 


91 
2 


92 
2 


93 
2 
94 
2 
9' 
2 


97 
3 
•• 
3 
99 
3 
100 
2 


102 
2 


103 


104 
2 


[N-PTR_T. 
OUTJ'TR_T. 
JNJ'TR_R. 
OUT_PTR_R 
• 
OI'*lnitialiu 
FIFO 
PTR.*' 


IUFFER_8TATUS_T. 
IUFFER_eTATUSJ'- 
ErFTYI 


CAU. 
POWER_CW_Dl 
'* USART'. 
RIR'II 
h 
the 
hi,hut 
,,,j.aritv *' 
'* loth uta"n.1 
int."f'u,ts 
.,.. 
level tl"il'*" ••• ' 
/. 
EnaU. 
USNIT 
fhR•••••SI. 
an' 
11•• ,.. 0 interf'U" 
•• ' 


"III'O-,,_IN; 
I'ROCEDtME 
<CHM) 
USING 
I. 
DECLNlE 
CHM: 
IYTE, 


FJ,.0JU INJTltJU-<:HNtI 
INJTR_R-INJTR_R+I. 


IF 
IUFFEJt_eTATVS_R-E 
•• 
TY 
THEN 
DO, 
EA-G, 
IUFFER_8TATUSJl_ 
J NUBE, 
EX1-1, 
'* Endh 
U8MT'. 
riD 
int.1'"upt *' 
EA-l, 
END • 
ELSE 
IF 
«IUFFER_8TATU8J1-INJ8E) 
NG) 
CINJTRJt-ouT.JTR.Jt» 
T1CN 
IUFFER_8TATUS_R-t='ULL, 


END FlFOJt_INI 


FI'OJl_DU'T: 
PROCEDURE 
IVTE 
USING 
11 


CHM.,.lFOJl 
(OUT JTff.Jt) 
I 
OUTJTIt.JI-ouTJTlI.JI+ll 
IF 
llUTJTJlJI-INJTJlJI 
THEN 
DO, 
EXl-O, '* 8t.ut 
off 
TJlD 
'n\er"v,' *' 
IUFFER_ITATUlS_R-E"TY. 
END, 
ELU IF 
(CIUFFEA_9TATUSJt-FULL) 
Nfl) 
(QUTJTRJt-20aINJTR_R» 
T"N 
IUFFP_I!ITATUlJt-tNU8E1 
RE"",,,," 
CtwII, 


END 
FIFOJl_OUT. 


intJ 


"N. 
2 


lOB 
3 


110 
III 
112 


113 
4 


114 
4 


115 
4 


117 
4 


lie 
3 


119 
2 


120 


121 
2 


122 
2 


123 
3 
124 
4 


125 
4 


126 
3 


127 
3 


13 


129 
2 


130 
2 


131 
2 
132 
2 


133 
2 


13' 
2 


137 
2 


139 
3 


140 
3 


141 
3 


143 
3 


144 
I 


IF E""OIIJL •••• 
THEN 
DOl 
IF 
f1EBSAOECERRJtEBBAOE_INDEXJ<>O 
,. 
Then 
conUnuo 
to 
•• "4 
tho ••••••• 
*' 
THEN 
DO, 
USMTJ)AT~ 
• 
PlEss.wECERRJESSME_INDEXl, 
EftlltJE88AOE_INDEX-ERR_f'tE8SAOE_I 
NDEX+! 
J 


ENO, 


ELSE DOl '* If 
••••••• 
is 
lion. 
" ••• 
, 
ERIUMJ\.AO 
.n' 
.liIu' 
0" 
Inh",.u,t 
l' 
FIFO 
i ••• 
,tv *' 


ERIUM_FLAO-O, 
IF 
IUFFER_8TATUSJl 
• 
E"TY 


1ltEN EXl-o, 


ELSE 
USMT,..PAT.-F.FO_"_DUT, 


END USNtT_X"JT_JNT' 


SJUJlECY: 
~ROCEDURE (LENGTH) 
I'UlLIC 
USING .1 


DECLARE 
LENGTH 
IYTE. 


I 
BYTE 
M)UllARY, 


DO 
1-<) 
TO 
LENQTH-I, 
DO WHILE 
IUFFER_STATUSJ'-FULL". 
Ctl.e11 
to 
••• 
if 
Ufo 
is 
full *' 
END. 
C~L 
FJf'0...R_INCSIU..,.RECY_IUFFERC J», 


END. 


"IFO_1_IN: 
'ROCEI)URE 
(CHAR) 
USING 
~J 


D€CLME 
CHAR 
IYTE:' 


FIFO_T<INY"'_TJ-<:HNII 
IN..1"'_1-I"J"'_1+1' 
IF CHNI-LF 
TICH 
IEND.J)ATA-8END.J)ATA+I. 


IF 
IUFFEIt 
__ TATUS_T-Ef'W'TY 
TlEN 
IUF'FER_STATUS_T-UrAJ8E, 
ELSE 
IF 
«II6FER_BTATU8_T-JNU8E:) 
l\ND 
UNJTR_T+Zo-DUTJTR_T}) 
THEN 
DO, 
/. 
Sto, ".up"'." 
•.•atn, eT8 *' 
USART_STATUB. 
lJ8NItT_CttD-uBMT_C"D 
AND NOT(2OH), 
IUP'FEIt_BTATU8_T-FULLI 
J F 
SEND ..DATA-O 
THEN SEND.J)ATA-ll/_U 
ttle 
bufl"" 
i. 
full 
and 
no 
L.F 
ha. 
bee" 
"ecelved 
ttlen 
.antl "a'. 
_I 


intJ 


14' 
2 
I'" 
2 


147 
2 
I.- 
2 
14. 
2 


"1 
3 


.,2 
3 
1113 
3 
154 
3 
I" 
3 
I" 
2 


1M 
3 
I" 
3 
1000 
3 


1.1 
2 
I':' 
2 
I" 
I 


I.' 
2 
I•• 
2 


1.7 
2 
I•• 
2 


171 
2 


173 
2 


174 
2 
17. 
2 
17. 
2 


177 


1711 
2 


I~ 
2 


I'" 
2 
lal 
2 
182 
2 


183 
2 
1M 
3 


CHM-FIFO_TCOUT 
.••••nt_1) 
I 
OUTJTR_T-ouTJT1t_T+l. 
IF 
OUT..1T1t_T-IN_Pnt_T 
'* T".n 
FJFO_T 
h 
•• ,t:~ *' 
THEN DO. 
EA-C). 
IlFFEJt_8TATUI_T-EN'TY, 
IIEND_DATA-ol 
EA-I. 


END. 


EL. 
IF 
«C"""'P_STATUII_T-F\LU 
AND 
COUT JTR_T-BO-IN..J'TR_T)) 
THEN DO. 
UBMT 
_STATUS. 
UBART _C.m-usMT 
_eft!) 
OR ao •.tJ 


auF"'O_STltn.l8_T-IJ«..eE' 


END. 


IF 
CCHM-LF 
AND BlEND-PATA>O) 
THEN .ND..J)ATA-SEND...,DATA-IJ 


RETURN 
CMM. 


DID 
IftllO_T _rAlT' 


EItttOIt: ~.OCEDUtE 
CaTATUB) 
USINO 
2. 


DECLARE STATUS 
IYT£, 


.P' 
(.TATue 
AND 0.t)00 
T•••• 
EJlRft_J'TR-. 
PARITY. 


ELu: 
IF 
(STATUS 
AND lOH)OO 
THEN OR.JtE1I8MEJTIt-, 
O\IEItJCUN, 
ELlIE 
.,. 
CSTATUI 
AND 
2OH)<>O 
THEN ERRft_J'TR-. 
Fa_. 


Dtt ...•••••• 
_tNDlEX 
• 
0, 


EJU.mt~lJ 
Elt-., 
'* Tv,," on T. Int.,."u,t: *' 


END Eft.CII, 


LINKJU8C; 
"ROCEJ)UIIIIE 
I 


DECLARE 
•• DME..1'" 
••• 0 
•• 
..,.. 
lASED 
J 
IYTt: 
Ell_STORE 
liT' 


AUIlLINlY 
• 


PE8IIME:...pTJI« 
1 J 
AUXJLIMY, 


EU_STORE-tEU, 
,. 
Shut: .ff 
•• ,.ne '".n •• it 
int.,."u,t 
., 
£11-0, 
PES8AOEJnt-. 
LINK' 


JoO. 
DO 
WHILE 
(I'IES8AO£'''')<>OJ, 


inter 


'8' 
• 
,.. • 
'117 
3 
,- 
3 
,.. 
3 
,-.0 
2 
,., , 


,.a 
2 
,~ 
2 
,.. 
3 
,.. 
3 
,.. 
2 
,., 


,ft 
2 
'" 
3 
200 
3 
20' 
2 


202 


203 
2 


204 


20. 


206 
3 
201 
3 
~ 
3 


2'0 
2 
211 
2 


2'3 
2 


2" 


215 
2 
2'. 
2 


211 
2 


2'. 
3 
2'. 
3 
220 
3 


DO y.(1l.E 
( ••••••••T_IITATUS 
AND OlH)-e, 
,_ 
W.U 
'01' 
TIRDV 
Oft 
USMT 
-, 
EHl). 
UllMT J)A TA"".'" 
(,J). 
.J-.J+'. 
EHl). 
EX1-EXI_STORE, 
/. 
It •• to" ••• 
~"C 
,,,_,, 
•• it: intu'ru,t: 
-, 
ENDLJ*-PleeJ 


DO WHIL.a: (USNIT_BTATUS 
AND 
OlH) 
• 
0' 
ENO. 
UllMT 
JJATA-eHMI 


END 
CD. 


C J; 
I'ROCEDWtE. 
IYtt 
UBI" 
21 


DO •••• U.£ 
C•••••• 
, JlTATU8 
ANI) 
02H) 
• 
0, 
EM" 
It£T\ItN 
U8AIIT ...]IATAI 


END 
el, 


DO 1-0 
TO I', 


IF 
CHM-tfEX_TABLEII) 
THEN 
OOTo 
Ll 
J 


L1: 
CAU. 
CDeHEI_l 
•• LEU) 
JJ 
IF 
1-16 
THEN 
OOTo 
1.0, 


END OETJEJlI 


OUTPUTJE88AOE: 
PROCEDURE 
Cf1E88AOEJTR) 
USING 
2, 
DECLNt£ 
tEBIUlOEJTR 
WORO. 
tESSAOE 
lASED 
I1ESSAOEJTR( 
I) 
lyrE 
CONSTANT, 
J 
IYTE 
AUXILIARY, 


DO 
WHILE 
1'IE1JIWttO£( J) 
<> 0, 
CALL. 
CD« PE6B1tOE 
( I ) J , 


1-1+1. 


inter 


221 
3 


2ZI 


223 
2 


224 
2 


22' 
2 


226 
2 


227 
3 
22tl 
3 


230 
3 


231 
2 
232 
2 


234 
3 


23' 
4 
236 
4 


237 


238 
4 


""" 
4 


240 
4 


241 
4 
242 
4 


243 
4 
2•• 
4 


24' 
4 


246 


247 
4 


2 •• 
4 


24. 
4 


DECLME 
I 
IYTE 
CHM 
IYTE: 


aTATJD'''~DDRE. 
IVTE 


AUXILIARY. 
AUXILIARY, 
AUXILIARY, 


DO 1-0 
TO ., 
IF 
CHlUI-tENJ_CKM 
(J ) 
THEN oam "I. 


"1: 
CALL COCl"ENl,-CHNU 
I) ) I 
IF J-S 
THEH CMJTO PtOI 


DO CASE 
II 


CALL 
OUTPUTJES8AOEC. 
BTATjd)DR)J 


STATIDN..ADDRE 
••••.• 
(OI!T...JoEX. 
41 J 


aTATUJN-.ADDRE_CaTATlDN~E88 
DR O£TJEXI, 


8TAD-8TATIDN,flDRE88' 


CALL 
DUTPUT_PEB8AOEC 
•• ...."DDI'J'CKI' 


CALL 
COCHEX_TA8LECatRCSTATIDNflDRE88. 
41) 
IJ 
CALL COUEX_TA8LECOFH 
AND 8TATU'.~DRES8) 
I, 


CM.L 
DUTPUTJEBSAOEC. 
ADDR.}\CKJIN), 
lEND. 


CALL 
OUTPUT_f'lE88AOEC. 
DEBT~DDR)I 


DE.TlNATlON.flDltE_ 
••.. 
COET,JEI.4») 


DEBTJ*TlONflDREsa-(DESTlNATlON~EBB 
DR OETJEI 
), 


CALL 
OUTPUTJ1ES8AllE<. 
D.J'l)Illl.J'CKli 


intJ 


252 
4 
253 
4 


2M 
4 
255 
4 
256 
4 
257 
4 


2M 
4 
2S1' 
4 
260 
4 
26. 
4 


262 
3 


263 
3 


264 


:!6, 
2 


266 
2 


267 
2 
268 
2 
269 
2 


27' 
2 


273 
3 
274 
3 
275 
3 


277 
3 


27. 


27. 


2lIO 
2 
28. 
2 


283 
4 


284 
4 
285 
3 
286 
3 
287 
4 


CALL 
COCHEX_TMLEC 
••• 
CDESTINltTI0N_ADDltE8 
••• 
»). 
CALL 
COCHEX_'oULECOFH 
AND DE.TJNATl~_ADDRES8», 


CAU. 
DUTPUT..JIEnAOEC. 
ADDIt_ACKJIN), 
END. 


CALL 
DUTPUT_I'ES8AQE:C. 
FIN', 
CALL 
CPEN' 


END. 


CALL 
OUTPUT..JIE88MlEC 
FIN), 


CALL 
CLOSE, 


END. 


CALL 
DU11'UT.J"'E88AOIE 
«. F J N) , 


ENOl 
/. 
DO CASE ./ 


CHM-ueMT 
-PATlu 
STATUB-U8MT 
_STATUS 
AND 
»4, 


IF 
.T"TWOO 
,.... 
CALL 
ERROR 
C STATUe 
J J 


ELSE IF C•• 
-E8C 
THEN 
CALL 
tENUJ 


ELE 
DO, 
CALL 
FIFO_T_INCCHM)' 


IF 
ECHO-O 
THEN 
CALL 
CDCCHNU. 


IEOIH: 


CALL 
POWPI_ONJ 


DO 
FDREYEII. 
IF 
SEHD.J>ATA>O 
THEN 
DO. 


DO WHILE 
NDTU"n 
.•••UFFER~TV)1 
,-Wait; 
wnUl 
SJU_XHnJUFF 
•••• 
is 
•• ptv 
., 
END. 
L£NOTH, 
C•••••• -1' 


8IU_X"J 
T J,UFFEI 
(0) 
-DESTINATION_ADORE 
•• 
, 
DO 
WHILE 
«CCHNl(>LFJ 
AND 
CLENQTW<IUFFEA-.LENOTH) 
AM) 
CIUFFER_8TATUS_T<>£I9tTYJ)' 


CHM.,.JII'O_T_OUTJ 
SIU,J:"J 
T JUFFEIII 
(LENGTH) 
-CHAltJ 


L£NOTH-LENlTH+ 
1I 


a"" 
,e If 'hi 
Uno onh"e4 0' n. 
h".'nol 
, •• "•• ,.,. n.n 
IUf'FEltJ.EHOTH 
ett."••• n. ",. 
fit"., 
Il,II'P'PJ,.£NOTH 
ctt.". 
'h.n 
•• n4 n. 
""" 
.'nc. 
'h. 
SIU bu"." 
is 
onlv I~.-.LENOTH Itv'•• e, 
L1: 
I-<)J 
Ie U•• 
J '0 count U. 
nu.~." 
of un.ucc •• ful 
'".n••U. *' 
lift 
3 


an 
3 
'"'. 
3 


'"'" 
• 
'"'" 
•- •- • 
300 
• 
301 
• 
302 
• 
303 
• 
304 
• 


304 
• 
307 
• 
:JOe 
• 
~ 
• 
310 
• 
311 
3 


312 
2 
313 
1 


ttDDULI: 
JNFOItKATJON: 


CODE:aUE 
C~TNIIIT 
BIZE 
DIRECT 
VAlUAILE 
SUE 
INDIRECT 
VAlUAILE 
SUE 
In 
eUE 
UT-ADDIIE88AlLE SUE 
AUXILIARY 
YMIAILI 
eu! 
MIJ 
••••••• STACK 
SUE 
RIOISTER-IANK 
CI) 
USED: 


713 
LUEB 
RIAD 
o ~ROQRN1 
ERRORCS) 


END 
Of' 'L'"-51 
CClP'PILATION 


ItE8UL,T-TJtANIfUTCLENOTHlI 
'* Son" 
,It •••••••• 
*' 
IF 
RE8ULT<>DATA_TJt~ITTED 
THEN 
DO. 
,e w.n 
50 ••• c f." 
Un. '0 conn.ct '''.n ,"••o.ei" *' 
•••IT-il 
l'HO-XHJ 
TLo-ooFH. 
nO-II 
DO ~1L.E 
"'-!TI 
EHD. 
TItO-OJ 
1-1+1. 
J' 
1>100 
Tt-EN DOl '* Wen 
5 
see 
to 
I.' 
on Un ••••• 
•• n4 .""01' ••••••• 
to '.".'n01 
en4 ,''V _._," 
*' 
CALL 
LUMJUSCI 


OCTO 
L11 
ENDI 


CSTAT 
lC+QYEJtLAYABLE) 
• 
0fa;12H 
1714D 
• 
OICFH 
463D 
00lI+O... 
OO+.D 
OOH+OOH 
OD+ 
OD 
O2H+OIH 
2J)+ 
ID 
OOH+OOH 
00+ 
OD 
·021FH 
5430 
• 
0028H 
40D 
o 
1 2 


inter 


'TITLE 
( 'AVPl-44 
P,.i •• ,.V St.Uon') 
SDEBUO 
••• EOISTER 
•••• M(CO) 
~JN'NlD: 
DOl 


sNOLI.T 


DECLARE 
lIT 
TRUE 
FALSE 
FOREVER 


LITERALLY 
LIT 
LIT 
LIT 


'lITERALlV' 
• 
'OFFH', 
'OQH', 
'WHILE 
I', 


DECLARE SNAI'I 
VA 
DISC 
OIl 
FR'" 
REG_DISC 
\If' 
TEST 
RR 
RNO 


'93H', 
'73H', 
',3H'. 
'IFH', 
'97H', 
',3H', 
'33M'. 
'OF3H', 
'11H', 
'1"", 


/* 
STATION 
STATEs 
*/ 
o ISCDNNE'CT_S 
LIT 
'OQH', 
/* 
LOGICALLV 
DISCONNECTED 
STATE./ 
GO_fO_DISC 
LIT 
'OtH'. 
I_T_8 
LIT 
'OaH', 
'* 
INFOR,..TION 
TRANSFER 
STATE 
., 


/. 
PARAftETERS 
PASSED 
TO XI'IIT_I_T_S 
*' 
T_IJRAHE 
LIT 
'OOH'. 
TJ'R 
LIT 
'OtH', 


TJ'NR 
LIT 
'OaH', 


NUf18EA_DF_STATlONS LIT 
'2', 
SECONDARY _ADDRESSESC 
NU1'18ER_OF _STATIONS) 
BYTE 
CONSTANT( 'SH. 43H). 


intJ 


9 
2 
10 
2 
II 
2 
12 
2 


13 
3 


I' 
3 
IS 
3 
16 
3 
17 
3 


18 
" 
2 
20 
2 
21 
2 
22 
2 
23 
2 


2_ 


25 
2 


2. 


27 
2 
28 
2 


R8DCNUf18ER_OF 
_STATIONS) 
STRUCTURE 
(STATIONflDRESS 
BYTE. 


STATION_STATE 
BYTE. 
N8 
BYTE. 
••• 
IVTE. 


IUFFER_STATUS 
BYTE. 
'* 
The 
.tatus 
of 
it•••• 
conlte"\1 
st.tions 
buffler 
*' 
INFO_lEHQTH 
BYTE. 
DATAU.4) 
IYTE> 
MJULlAAV. 


'* VMI"'LES 
fII' 
BTATlDH_MJf'IBE" 
IYTE 
AECYJIELD_lENOTH 
IYTE 
WAIT 
In. 


,. 
BUFFERS 
*/ 


BIU_XHIT_BUFFERCb4J 
BYTE 
BIU..Jf.ECY_IUFFER(04J 
BYTE, 


POWER_ON: 
PROCEDURE 
I 


DECLAAE 
I 
BYTE 


TIB-, 
SIU_XI11T_BUFFERCOh 


RIS-. 
SlU..,.RECV-IUFFERCO)1 


RIL-04J 
'* &4 8\1te 
T'ueh'. 
Iilu.'." ., 
RIE-1, 
/* En.lilh 
the SlU'. 
"'ecei".,. 
./ 


DO r- 0 
TO 
NUf'tlEIII_OF _STATIONS-i, 


RBDe I). 
STATION,.ADDRESS-SECONDARV 
..ADDRESSES 
( I), 


RSOe I). 
STAT1ON_STATE.DIBC~CT 
_8J 
RSDe 
I). 
8UFFEIIt_STATUS-8UFFER_NOT 
JlEADYI 


RSDe 
I). 
INFO_LENCilTH-OI 


SI'lD-'4HI '* Using 
DPLl. 
NRZI, 
PFS. 
TIf1£R 
1•• 
62.5 
Kb,. 
*/ 
TI1OD-21H, 
TH1-OFFH, 
TCON-4OH, 
/* u•• ti.e" 
0 fo" receive 
ti.e 
out interrupt 
*/ 
IE-e2H. 


END 
flOWER_ONJ 


Xf1IT: 
PROCEDURE 
(CONTROL_IVTE); 


DECLARE 
CONTROL_BVTE 
BYTE, 


TCI-CONTROL_8VTE; 
TIF-1J 


2' 
2 


30 
3 


31 
3 
32 
2 


33 


34 
2 
3' 
2 
36 
I 


37 
2 


38 


39 


40 
3 
41 
3 
42 
3 
43 
3 
44 
4 
4. 
4 


47 
4 
48 
3 


4. 


.0 


51 
2 


.2 


53 


'4 
2 
•• 
2 
56 
2 


57 
3 
•• 
3 
60 
3 
61 
3 
62 
2 


63 


64 


6' 


RTS-l1 
DO 
WHILE 
NOT 
811 


ENDI 
61-01 


TII'IER_O_JNT: 
PROCEDURE 
INTERRUPT 
1 
USINg 
1 j 
WAIT-OJ 
END 
T1"f:R_O_INT. 


/* Ti.e_out 
",.turns 
true 
if 
the,.e 
w•• 1"t 
• 
Ir ••• 
received 
lIlithi" 
200 
,••• c. 
If 
t"n'. 
w••• 
,,.elll. received 
within 
200 111•• 
( 
the" 
thle_out 
returns 
fel ••. 
*/ 


WAIT-II 
THO-3CH, 
TLO-OAFHl 
TRo-l, 
DO 
WHILE 
WAIT, 
IF BI-' 
THEN 
OOTo 
T_01 , 


RETURN 
TRUEI 


T_oJ: 


END 
T J I'1E_OUT, 


SEND_DISC; 
PROCEDUREl 


TIL-O, 
CALL 
XI1ITCDIBC), 


IF 
TItE_OUT-FALSE 
THEN IF 
RCe-VA 
OR RC8-ol1 
THEN 
DOl 
RSD (STATlON_NUI1BER). 
BUFFER_STATUS-SUFFER_NOT 
_READY 
j 
ASDe BTAT1ON~I"IBER). 
BTATION_STATE-DISCONNECT 
_S, 
ENOl 


intJ 


••• 2 
67 
2 
6. 
3 
70 
3 
71 
3 
72 
3 
73 
2 


74 


76 
2 


78 
2 


79 


80 
2 


81 
2 


83 
3 
84 
3 
8. 
3 
86 
2 


88 
2 


89 


90 
2 


91 
2 


92 
2 


93 


9' 
3 


97 
98 


CAU. 
X"JTCSNR")1 


IF 
(TUE_OUT-FALSE) 
AND 
<RCI-VA) 
THEN 
D0' 
RSDC STAT ION_NUt18ER) 
. STATlDN_STATE_I_T 
_SI 
RBDe STATlON_NUf18ER)' 
NS-Ol 
RBDC BTATlON 
.••••••••••ER). 
"'-01 
ENOl 


IF 
(R8DCBTATtON_NUf'IlIERLNR-CSHRCRCI.1) 
AND 
07H» 
THEN RETURN TRUEI 
ELSE 
RETURN 
FALSEI 


END 
CHECK_NSI 


CHECKJII': 
PROCEDURE 
IYTEJ 


,e 
Cheell 
the 
Nt' 'ieU 
of 
the 
receiv.' 
,,,•••. 
If 
Ns'P)+l-NrCS) 
then 
th,. ,.,.••• 
h•• 
1I•• n .cll:no ••l •••••• 
el •• 
if 
NsCP)-N!"(S) 
then 
the 
fr ••• 
h•• 
not 
1I•• n 
.(lIno.l •••••• 
el •• ""••• , 
the •• conde,-" ./ 


IF 
«CRBDCSTATlDN_HUM-IERLNS 
+ 1) 
AND 07HJ 
• SHltcRCB.'» 
THEN 
DOl 
RSD(STATIONJ«.I"IEIII 
L NS-' 
(RSD(STATlONJ«JI1IERJ. 
NS+l) 
AND 07Hb 
RBD(8TATION_NUI1IER). 
UFO_LENOTH-OI 
END' 
ELSE 
IF 
(RSDCSTATlONJ'UMIERL 
NS <> 
$HRCRCI. 
5» 
THEN 
RETURN 
F ALSEl 


,e 
If 
en "••• liHS 
"'.c.lve. 
lIu".,,_st.tus 
will 
•• cheng.'- in the 
sUJlarvisor\l 
fr ••• 
".cod••• 
ction 'ut ••••.do"'" in t"i. 
, •.oc.t1u".' .n •• ot•••" "•• pon•• 
••• n. th. 
"•• ot•• t.tlon. 
bu'f." 
i ••.•• d\l 
_/ 


IF 
UtCI 
AND OlH)-O 
THEN DOl/_ 
IF" 
••• 
Rec.iv.d 
_/ 
IF 
(CHEC"J'S-TRUE 
AND IOY-O ""D 
CHEC"_NA-TRUE) 
THEN 
DOl 


RSDCSTATlO.CNlH1IERL 
NR-C CRSDCSTATlON_NUt1BERL 
HR.!) 
AND 07H). 


R,P-ll 


PL,-"-,t 
COI'PILEA 


•• 
100 


101 
3 
102 
3 
103 
2 


10' 
3 


107 
3 


10. 
3 


110 
3 
III 
3 


tt3 
4 
tt4 
4 
tt, 
4 
tt6 
3 
tt7 
3 


118 
2 


II. 


120 
2 


121 


122 


12_ - 
12. 
- 
126 - 


127 
3 


1:IlI 
3 


12. 
3 


130 
3 


132 
3 


133 
3 


13_ 
3 


136 
3 


ELSE 
ASDtSTATlC»l_NUtdlER). 
8TATION_STATE-eKJ_TO_DISCI 


END. 


ELSE 
IF 
tRCI 
AND 03HJ·01H 
THEN 
DOl 
,_ 
Su,.rvitor" 
,,, ••• 
ree.iv.d 
*' 
IF 
CHECK_NR-FALSE 
THEN 
RSD(STATltIlf-",,"IEA). 
BTATION_STATE-OO_T0..pISC, 


ELSE 
IF 
CtRCI 
AND OF'HJ-o,tU '* 
then 
RNR *' 
THEN 
RSD(BTATlC»I~ER). 
IUFFER_STATUS.IUFFEJt.J«)T 
-"EADYI 


'* Un"u.~.1"'.4 
'1"'••• 
0" 
un~no.n 
'1"'••• 
l"'eeeived 
., 
IF 
RCa.FA 
•••• 
THEN 
DOl 
,_ 
I' 
FRI1R 
••• 
1"'.eeived 
eh.e~ 
Hl'" 
'or 
.n 


.e.no.l 
•••• 
d 
I '1"'... *' 
RCI.SIU_RECY 
_IUFFER 
(1), 


I.CHECK_NtI 


ENOl 


RSO(STAnO"CNUf18ER). 
BTATlON_BTATE.OO_TO_DI 
se, 
END, 


IF 
TEPW-T_I_FRNE 
THEN 
OQI 
'* 
Tran,.i 
t 
1 
'ra 
•• *' 


,e 
Tran,'.r 
the 
station 
bu"er 
into 
1nt.l"'nal 
l"'a. *' 


00 
TEf1P-O 
TO RSD(STATlONJfUP1BERL 
INFO>ENQTH-l1 


SIU_Xf'UT 
_BUFFER 
(TEKP )-ItSD(STATlO'CNUt1BEA 
J. DATAtTEI1P)J 


END, 


TE ••• 
(S •.•.•CRSD(BTATlOH~.ER 
•. rotR.') 
OR SHLCRSD(STATION_NUf'lIERL 
NS. tJ 
OR 
IOH)1 


TBL·RSDC 
STATION_NUttIER). 
INFO_LENOTH. 
CALL 
Xt1IT(TE".J 


IF 
TlP'IE_DUT.FALSE 
THEN 
C4LL 
RECEIVEI 


ELSE 
DOl 
'* 
Tran 
•• i t 
RR 
or 
RNA*' 
IF 10.-T 
RR 
THEN 
TE,.-RR. 


ELSE 
TE"-RNRI 


intJ 


137 
3 
138 
3 
139 
3 
140 
3 


142 
143 


144 


145 
2 


14b 
3 
147 
3 


14. 
3 


ISO 
2 


1.2 
3 
1.3 
3 
I'. 
3 
I" 
2 


107 
3 
108 
• 
I'. 
• 
IbO 
• 
Ibl 
3 
162 
3 


Ib3 


lb. 


lb. 
2 


Ibb 
3 
Ib7 
3 
I"" 
3 


170 
3 


172 


17. 
3 


I7b 


177 
3 


TEKP-CSH...(RSDCSTATlON_NtA1BERJ. 
HR. 5) 
OR TEf'tP)1 
TIL-OJ 
CALL 
X"ITCTE"JI 
IF 
TIf'tE_DUT-F'ALSE 
THEN 
CALL 
RECEIVE' 


ENDl 


END 
X"lT_I_T_Si 


Il.FFER_TAAHSFER: 
PROCEDURE; 


DO 1-0 
TO "",,"BER_OF _STATIONS-Ii 
IF 
HBDC I L STATJON~DRESS·BIU_RECY_8UFFEJt(O) 
TI£N 
OOTO 11; 


THEN 
DOl 


R8P-O, 
RETURN' 


ENO, 


ELSE 
IF 
Asoe I) 
IJrFO_lENOTH-O 
THEN 
DOl 
RSDCI). 
INFO_LENQTH-RECY_'IELD_LENQTHI 
DO 
.",.. 
TO 
RECV_FIELD_LENGTH, 
Asoe I). 
DATA(,J-l 
)-SIUJECY_BUFFER 
(,J) 
i 


END. 
A8P-0, 


END. 


8EOIN: 


CALL 
POWER_ONI 


DO FOREVERi 


DO STATlONJfUf1BER-O 
TO NUf18ER_OF_STATIONS-II 
STAD-RBD 
(ST ATJOtCNUl'lBER). 
STA TlONjd)DRESBJ 


IF 
RSO(STATlON_NUf1BER). 6TATlON~TATE 
• 
DISCOfrNECT_8 
THEN 
CALL 
SEND_BNR"J 


ELSE 
IF 
RSDCBTATlON_NUI'I8ERL 
BTATlON_STATE 
• 
OO_TOJUBC 
THEN 
CALL 
SEND_DISCi 
ELSE 
IF 
«R8DC8TATJON_NlI"8ER). 
JNFO_LENQTH>O) AND 
I RSOCBTATIOH_HUt1IER 
). 8UFFER_STATUS-8UFFER_READY» 
Tt-EN 
CALL 
X"IT_I_T_8CT_IJRAttE)j 


ELSE 
IF 
RBP-o 
Tt-EN 
CALL 
X"IT_I_T_8CT_RR)j 


ELSE 
CALL 
X"IT_I_T_SCT_RNIUj 


I10DULE 
U<FOR •••• TlDN: 


CODE 
SIZE 
CONSTANT 
SIZE 
DIRECT 
VAlUABLE 
SIZE 
INDIRECT 
VARIABLE 
SIZE 
BlT 
SIZE 
8lT-ADDRESSAILE 
SI ZE 
AUXILIARY 
VARIABLE 
SIZE 
KAXIP1Uf'I STACK 
SIZE 
RECHSTER-BANKes) 
USEO' 
01'6 
LINES 
REAO 
o 
PROQRAM 
ERRORCS) 
END 
OF PL/H-'1 
COPtPILATlON 


(STATIC+QVERLAVABLE) 
• 
O'3DH 
13410 
• 
0002H 
20 
4OH+02H 
640+ 
20 
4OH+OOH 
640+ 
OD 
01H+QOH 
10+ 
00 
OOH+OOH 
00+ 
00 
• 
0093H 
147D 
• 
0019H 
2'D 
o I 
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inter 
8044AH/8344AH/8744H 
HIGH PERFORMANCE 8-BIT MICROCONTROLLER 
WITH ON-CHIP SERIAL COMMUNICATION 
CONTROLLER 


• 8044AH-lncludes 
Factory 
Mask Programmable 
ROM 
• 8344AH-For 
Use with External 
Program 
Memory 
• 8744H-lncludes 
User Programmable/Eraseable 
EPROM 


8051 MICROCONTROLLER 
CORE 
SERIAL INTERFACE 
UNIT (SIU) 
• Optimized 
for Real Time Control 
12 
• Serial Communication 
Processor 
that 
MHz Clock, Priority 
Interrupts, 
32 
Operates 
Concurrently 
to CPU 
Programmable 
110 Lines, Two 16-blt 
• 2.4 Mbps Maximum 
Data Rate 
Timer/Counters 


Boolean 
Processor 
• 375 Kbps using On-Chip 
Phase Locked 
• 
Loop 
• 4K x 8 ROM, 192 x 8 RAM 
• Communication 
Software 
In Silicon: 
• 64K Accessible 
External 
Program 
- 
Complete 
Data Link Functions 
Memory 
- 
Automatic 
Station 
Response 
• 64K Accessible 
External 
Data Memory 
• Operates 
as an SDLC Primary 
or 
• 4 IJ-s Multiply 
and Divide 
Secondary 
Station 


The RUPI-44 
family 
integrates 
a high performance 
8-bit Microcontroller, 
the Intel 8051 Core, with an Intelli- 
gent/high 
performance 
HDLC/SDLC 
serial communication 
controller, 
called 
the Serial 
Interface 
Unit (SIU). 
See Figure 1. This dual architecture 
allows complex 
control 
and high speed data communication 
functions 
to 
be realized 
cost effectively. 


Specifically, 
the 8044's 
Microcontroller 
features: 
4K byte On-Chip 
program 
memory 
space; 
32 I/O 
lines; two 
16-bit timer/event 
counters; 
as-source; 
2-level 
interrupt 
structure; 
a full duplex 
serial channel; 
a Boolean 
processor; 
and on-chip 
oscillator 
and clock circuitry. 
Standard 
TIL 
and most byte-oriented 
MCS-80 and MCS- 
85 peripherals 
can be used for I/O amd memory 
expansion. 


The Serial Interface 
Unit (SIU) manages 
the interface 
to a high speed serial link. The SIU offloads 
the On-Chip 
8051 
Microcontroller 
of communication 
tasks, 
thereby 
freeing 
the CPU to concentrate 
on real time control 
tasks. 


The RUPI-44 family consists 
of the 8044, 8744, and 8344. All three devices 
are identical 
except 
in respect 
of 
on-chip 
program 
memory. 
The 8044 
contains 
4K bytes 
of mask-programmable 
ROM. 
User programmable 
EPROM 
replaces 
ROM in the 8744. The 8344 addresses 
all program 
memory 
externally. 


The RUPI-44 
devices 
are fabricated 
with Intel's 
reliable + 5 volt, silicon-gate 
HMOSII 
technology 
and pack- 
aged in a 40-pin 
DIP. 


The 
8744H 
is available 
in a hermetically 
sealed, 
ceramic, 
40-lead 
dual 
in-line 
package 
which 
includes 
a 
window that allows for EPROM erasure when exposed 
to ultraviolet 
light (See Erasure Characteristics). 
During 
normal operation, 
ambient 
light may adversely 
affect the functionality 
of the chip. Therefore 
applications 
which 
expose 
the 8744H 
to ambient 
light may require an opaque 
label over the window. 


8044'5 Dual Controller 
Architecture 


+5V power supply during operation and program 
verification. 


PORT 0 
Port 0 is an 8-bit open drain bidirectional I/O port. 
It is also the multiplexed low-order address and 
data bus when using external memory. It is used 
for data output during program verification. Port 0 
can sink/source eight LS TIL loads (six in 8744). 


Port 1 is an 8-bit quasi-bidirectional I/O port. It is 
used for the low-order address byte during pro- 
gram verification. Port 1 can sink/source four LS 
TIL loads. 


In non-loop mode two of the I/O lines serve alter- 
nate functions: 
- 
RTS (P1.6). Request-to-Send output. A low in- 
dicates that the RUPI-44 is ready to transmit. 


- 
CTS (P1.7) Clear-to-Send input. A low indicates 
that a receiving station is ready to receive. 


PORT 2 


Port 2 is an 8·bit quasi-bidirection I/O port. It also 
emits the high-order address byte when accessing 
external memory. It is used for the high-order ad- 
dress and the control signals during program verifi- 
cation. Port 2 can sink/source four LS TIL loads. 


PORT 3 


Port 3 is an 8-bit quasi-bidirectional I/O port. It also 
contains the interrupt, timer, serial port and RD 
and WR pins that are used by various options. The 
output latch corresponding to a secondary function 
must be programmed to a one (1) for that function 
to operate. Port 3 can sink/source four LS LTI 
loads. 


In addition to I/O, some of the pins also serve al- 
ternate functions as follows: 
- 
I/O RxD (P3.0). In point-to-point or multipoint 
configurations, this pin controls the direction of 
pin P3.1. Serves as Receive Data input in loop 
and diagnostic modes. 


- 
DATA TxD (P3.1) In point-to-point or multipoint 
configurations, this pin functions as data input! 
output. In loop mode, it serves as transmit pin. 
A '0' written to this pin enables diagnostic 
mode. 
- 
INTO (P3.2). Interrupt 0 input or gate control 
input for counter O. 
- 
INT1 (P3.3). Interrupt 1 input or gate control 
input for counter 1. 
- 
TO (P3.4). Input to counter O. 
- 
SCLK T1 (P3.5). In addition to I/O, this pin pro- 
vides input to counter 1 or serves as SCLK (se- 
rial clock) input. 


- 
WR (P3.6). The write control signal latches the 
data byte from Port 0 into the External Data 
Memory. 
- 
RD (P3.7). The read control signal enables Ex- 
ternal Data Memory to Port O. 


A high on this pin for two machine cycles while the 
oscillator is running resets the device. A small ex- 
ternal pulldown resistor (::::8.2K!l) from RST to 
Vss permits power-on reset when a capacitor 
(::::10}J-f)is also connected from this pin to Vcc. 


Provides Address Latch Enable output used for 
latching the address into external memory during 
normal operation. It is activated every six oscillator 
periods except during an external data memory ac- 
cess. It also receives the program pulse input for 
programming the EPROM version. 


The Program Store Enable output is a control sig- 
nal that enables the external Program Memory to 
the bus during external fetch operations. It is acti- 
vated every six oscillator periods, except during 
external data memory accesses. Remains high 
during internal program execution. 


EAlVPP 


When held at a TIL high level, the RUPI-44 exe- 
cutes instructions from the internal ROM when the 
PC is less than 4096. When held at a TIL 
low 
level, the RUPI-44 fetches all instructions from ex- 
ternal Program Memory. The pin also receives the 
21V EPROM programming supply voltage on the 
8744. 


inter 


Input to the oscillator's high gain amplifier. Re- 
quired when a crystal is used. Connect to VSS 
when external source is used on XTAL 2. 


Output from the oscillator's amplifier. Input to the 
internal timing circuitry. A crystal or external source 
can be used. 


no 
vee 


III 
P1.1 
".0 
ADo 
r}l 


P1.2 
".1 
ADl 


Pl1 
".2 
AD2 
~:: 
~ 
P1 .• 
".2 
AD2 
•. 
c 
PU 
".. 
APt 
-::I 
IITS 
PU 
".5 
AD. 
_ •. 


0: 
m 
Pl.1 
".. 
ADI 
i[,,: 


liST 
".1 
AD1 


II.D 
P3.0 
Ii 
·vpp 


UD 
PI.l 
ALE 
PIIOG 


INTO PH 
"IN 
INTI 
PU 
P2.1 
AU 


TO 
PU 
PU 
AI. 
III 
_ 
eTS 
selK 
Tl 
PI.' 
PU 
All 
l~.,,-~ 
t; 
DATA UD~ 
~}®. 


WII 
P3.I 
PU 
AU 
z 
iNTo_ •.• 
iiii 
PI.1 
PU 
All 
~ 
1Nf1~ 
t- 
o: 
_ 
III 
XTAl2 
PU 
AIO 
rE 
TO--., C 
2 - 
:i 
~ 
SClK 
TI_ 
2 
XTAll 
P2.1 
A' 
_ 
0 


~ 
WII_ 
- ~ 
vss 
P2.0 
AI 


:.: 
Iill~ 
231663-3 
III 


231663-2 


P1.5 
7 
PO.4 
P1.6 
8 
PO.5 


P1.7 
9 
PO.6 


RSTjVPD 
10 
PO.7 


P3.0 
11 
EA 


N/C 
12 
8044 
N/C 


P3.1 
13 
8344 
ALE 


P3.2 
14 
PSEN 


P3.3 
15 
P2.7 


P3.4 
16 
P2.6 


P3.5 
P2.5 


r-- 


I 
I 
I 
I 
I 
I 
I 
I 
I 
L 


Figure 4. Block Diagram 


• 4K bytes of ROM 
• 192 bytes of RAM 
• 32 I/O lines 
• 64K address space for external Data Memory 
• 64K address space for external Program Memory 
• two fully programmable 16-bit timer/counters 
• a five-source interrupt structure with two priority 


levels 


• bit addressability for Boolean processing 


INTERIIUPTS 
~--- 


PARALLEL 
PORTS 
ADDRESS DATA BUS 
AND I/O PINS 


The 8044 integrates the powerful 8051 microcontrol- 
ler with an intelligent Serial Communication Control- 
ler to provide a single-chip solution which will effi- 
ciently implement a distributed processing or distrib- 
uted control system. The microcontroller is a self- 
sufficient unit containing ROM, RAM, ALU, and its 
own peripherals. The 8044's architecture and in- 
struction set are identical to the 8051's. The 8044 
replaces the 8051's serial interface with an intelli- 
gent SOLC/HOLC Serial Interface Unit (SIU). 64 
more bytes of RAM have been added to the 8051 
RAM array. The SIU can communicate at bit rates up 
to 2.4 M bps. The SIU works concurrently with the 
Microcontroller so that there is no throughput loss in 
either unit. Since the SIU possesses its own intelli- 
gence, the CPU is off-loaded from many of the com- 
munications tasks, thus dedicating more of its com- 
puting power to controlling local peripherals or some 
external process. 


The microcontroller is a stand-alone high-perform- 
ance single-chip computer intended for use in so- 
phisticated real-time application such as instrumen- 
tation, industrial contrOl,and intelligent computer pe- 
ripherals. 


The major features of the microcontroller are: 
• 8-bit CPU 


• on-chip oscillator 


•••• 
{D 


~iii 


INDIRECT 
ADDRESS· 
ING 


'!.!! 135 


127 


I/O 
HDLCISDLC 
SERIAL 
COMMUNICATIONS 


SPECIAl. 
FUHCT_ 
REOIITERS 
~ 
iii 255 
24' F'H 
FOH 
••• 
.OH 
DOH 
DOH 
CIH 
COH 
IIH..- 
•••• 
"OH 
••• 
••• 
••• 
'" •.. 


AOOll •••• 
..... 
••ntH 
••••• 
(,2tBlTSI 


• 
1 p's instruction 
cycle time for 60% of the instruc- 
tions 
2 p.s instruction 
cycle 
time for 40% 
of the 
instructions 


• 
4 p.s cycle time for 8 by 8 bit unsigned 
Multiply/ 
Divide 


Functionally 
the 
Internal 
Data 
Memory 
is the most 
flexible 
of the 
address 
spaces. 
The 
Internal 
Data 
Memory 
space is subdivided 
into a 256-byte 
Internal 
Data 
RAM 
address 
space 
and 
a 
128-bit 
Special 
Function 
Register 
address 
space as shown in Figure 
5. 


The 8044 
has 32 general-purpose 
I/O 
lines which 
are arranged 
into four 
groups 
of eight 
lines. 
Each 
group 
is called 
a port. 
Hence 
there 
are four 
ports; 


Port 0, Port 1, Port 2, and Port 3. Up to five lines 
from 
Port 3 are dedicated 
to supporting 
the 
serial 


channel 
when the SIU is invoked. 
Due to the nature 
of the serial port, two of Port 3's I/O lines (P3.0 and 
P3.1) 
do 
not 
have 
latched 
outputs. 
This 
is true 
whether 
or not the serial channel 
is used. 


Port 0 and Port 2 also have an alternate 
dedicated 
function. 
When placed in the external 
access 
mode, 


Port 0 and Port 2 become 
the means 
by which 
the 
8044 communicates 
with external 
program 
memory. 


Port 0 and Port 2 are also the means 
by which 
the 
8044 cbmmunicates 
with external 
data memory. 
Pe- 
ripherals 
can be memory 
mapped 
into the address 
space and controlled 
by the 8044. 


The Internal 
Data RAM address 
space 
is 0 to 255. 
Four 8-Register 
Banks 
occupy 
locations 
0 through 
31. The stack can be located 
anywhere 
in the Inter- 
nal Data 
RAM 
address 
space. 
In addition, 
128 bit 
locations 
of the on-chip 
RAM are accessible 
through 
Direct Addressing. 
These bits reside in Internal 
Data 
RAM at byte locations 
32 through 
47. Currently 
loca- 
tions 
0 through 
191 of the 
Internal 
Data 
RAM ad- 
dress space are filled with on-chip 
RAM. 


Table 2. MCS~·51Instructlon Set Description 


Mnemonic 
Description 
Byte 
Cyc 
Mnemonic 
Description 
Byte 


ARITHMETIC 
OPERATIONS 
ARITHMETIC 
OPERATIONS 
(Continued) 


ADD 
A,Rn 
Add register to 
SUBB 
A,@Ri 
Subtract 
indirect 
Accumulator 
RAM from A with 
ADD 
A,direct 
Add direct byte 
Borrow 
to Accumulator 
2 
SUBB 
A,#data 
Subtract 
immed 
ADD 
A,@Ri 
Add indirect 
data from A with 
RAM to 
Borrow 
2 
Accumulator 
INC 
A 
Increment 
ADD 
A,#data 
Add immediate 
Accumulator 
data to 
INC 
Rn 
Increment 
Accumulator 
2 
register 
ADDC 
A,Rn 
Add register to 
INC 
direct 
Increment 
direct 
Accumulator 
byte 
2 
with Carry 
INC 
@Ri 
Increment 
AD DC 
A,direct 
Add direct byte 
indirect RAM 
to A with Carry 
INC 
DPTR 
Increment 
Data 
flag 
2 
Pointer 
ADDC 
A,@Ri 
Add indirect 
DEC 
A 
Decrement 
RAM to A with 
Accumulator 
Carry flag 
DEC 
Rn 
Decrement 
AD DC 
A,#data 
Add immediate 
register 
data to A with 
DEC 
direct 
Decrement 
Carry flag 
2 
direct byte 
2 
SUBB 
A,Rn 
Subtract 
register 
DEC 
@Ri 
Decrement 
from A with 
indirect 
RAM 
Borrow 
MUL 
AB 
Multiply A & B 
SUBB 
A,direct 
Subtract 
direct 
DIV 
AB 
Divide A byB 
byte from A with 
DA 
A 
Decimal Adjust 
Borrow 
2 
Accumulator 
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inter 


Mnemonic 
Description 
Byte 
Cyc 
Mnemonic 
Description 
Byte 
Cyc 


LOGICAL 
OPERATIONS 
LOGICAL 
OPERATIONS 
(Continued) 


ANL 
A,Rn 
AND register to 
RL 
A 
Rotate 
Accumulator 
Accumulator 


ANL 
A,direct 
AND direct byte 
Left 


to Accumulator 
2 
RLC 
A 
Rotate A Left 


ANL 
A,@RI 
AND indirect 
through the 


RAM to 
Carry flag 


Accumulator 
RR 
A 
Rotate 


ANL 
A,#data 
AND immediate 
Accumulator 


data to 
Right 


Accumulator 
2 
RRC 
A 
Rotate A Right 


ANL 
direct,A 
AND 
through Carry 


Accumulator 
to 
flag 


direct byte 
2 
SWAP A 
Swap nibbles 


ANL 
direct,#data 
AND immediate 
within the 


data to direct 
Accumulator 
byte 
3 
2 
DATA TRANSFER 


ORL 
A,Rn 
OR register to 
MOV 
A,Rn 
Move register to 
Accumulator 
Accumulator 


ORL 
A,direct 
OR direct byte to 
MOV 
A,direct 
Move direct byte 
Accumulator 
2 
to Accumulator 
2 
ORL 
A,@Ri 
OR indirect RAM 
MOV 
A,@RI 
Move indirect 
to Accumulator 
RAM to 


ORL 
A,#data 
OR immediate 
Accumulator 


data to 
MOV 
A,#data 
Move immediate 
Accumulator 
2 
data to 


ORL 
direct,A 
OR Accumulator 
Accumulator 
2 
to direct byte 
2 
MOV 
Rn,A 
Move 


ORL 
direct, # data 
OR immediate 
Accumulator 
to 
data to direct 
register 
byte 
3 
2 
MOV 
Rn,direct 
Move direct byte 


XRL 
A,Rn 
Exclusive-OR 
to register 
2 
2 
register to 
MOV 
Rn,#data 
Move immediate 
Accumulator 
data to register 
2 


XRL 
A,direct 
Exclusive-OR 
MOV 
direct,A 
Move 
direct byte to 
Accumulator 
to 
Accumulator 
2 
direct byte 
2 
XRL 
A,@RI 
Exclusive-OR 
MOV 
direct,Rn 
Move register to 
indirect 
RAM to 
direct byte 
2 
2 
A 
MOV 
direct,direct 
Move direct byte 
XRL 
A,#data 
Exclusive-OR 
to direct 
3 
2 
immediate 
data 
MOV 
direct,@Ri 
Move indirect 
toA 
2 
RAM to direct 
XRL 
direct,A 
Exclusive-OR 
byte 
2 
2 
Accumulator 
to 
MOV 
direct, # data 
Move immediate 
direct byte 
2 
data to direct 
XRL 
direct, # data 
Exclusive-OR 
byte 
3 
2 
immediate 
data 
MOV 
@Ri,A 
Move 
to direct 
3 
2 
Accumulator 
to 
CLR 
A 
Clear 
indirect RAM 
Accumulator 
MOV 
@Ri,direct 
Move direct byte 
CPL 
A 
Complement 
to indirect 
RAM 
2 
2 
Accumulator 
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intJ 


Mnemonic 
Description 
ByteCyc 
Mnemonic 
Description 
Byte 
Cyc 


DATA TRANSFER 
(Continued) 
BOOLEAN 
VARIABLE 
MANIPULATION 


MOV 
@Ri,#data 
Move immediate 
(Continued) 
data to indirect 
ANL 
C,Ibit 
AND 
RAM 
2 
complement 
of 
MOV 
DPTR,#data16Load 
Data 
direct bit to 
Pointer with a 
Carry 
2 
2 
16-bit constant 
3 
2 
ORL 
C/bit 
OR direct bit to 
MOVCA,@A+DPTR 
Move Code byte 
Carry flag 
2 
2 
relative to DPTR 
ORL 
C,Ibit 
OR complement 
toA 
2 
of direct bit to 
MOVCA,@A+PC 
Move Code byte 
Carry 
2 
2 
relative to PC to 
MOV 
C,Ibit 
Move direct bit 
A 
2 
to Carry flag 
2 
MOVXA,@Ri 
Move External 
MOV 
bit,C 
Move Carry flag 
RAM (B-bit addr) 
to direct bit 
2 
2 
toA 
2 
MOVXA,@DPTR 
Move External 
PROGRAM 
AND MACHINE 
CONTROL 
RAM (16-bit 
ACALL 
addr11 
Absolute 
addr) to A 
2 
Subroutine 
Call 
2 
2 
MOVX@Ri,A 
Move A to 
LCALL 
addr16 
Long Subroutine 
External 
RAM 
Call 
3 
2 
(B-bit addr) 
2 
RET 
Return from 
MOVX@DPTR,A 
Move A to 
subroutine 
2 
External 
RAM 
RETI 
Return from 
(16-bit) addr 
2 
interrupt 
1 
2 
PUSH direct 
Push direct byte 
AJMP 
addr11 
Absolute 
Jump 
2 
2 
onto stack 
2 
2 
LJMP 
addr16 
Long Jump 
3 
2 
POP 
direct 
Pop direct byte 
SJMP 
rei 
Short Jump 
from stack 
2 
2 
(relative addr) 
2 
2 
XCH 
A,Rn 
Exchange 
JMP 
@A+ DPTR Jump indirect 
register with 
relative to the 
Accumulator 
DPTR 
2 
XCH 
A,direct 
Exchange 
direct 
JZ 
rei 
Jump if 
byte with 
Accumulator 
is 
Accumulator 
2 
Zero 
2 
2 
XCH 
A,@Ri 
Exchange 
JNZ 
rei 
Jump if 
indirect RAM 
Accumulator 
is 
with A 
Not Zero 
2 
2 
XCHDA,@Ri 
Exchange 
low- 
JC 
rei 
Jump if Carry 
order Digit ind 
flag is set 
2 
2 
RAMwA 
JNC 
rei 
Jump if No Carry 


BOOLEAN 
VARIABLE 
MANIPULATION 
flag 
2 
2 
JB 
bit,rel 
Jump if direct Bit 
CLR 
C 
Clear Carry flag 
1 
set 
3 
2 
CLR 
bit 
Clear direct bit 
2 
JNB 
bit, rei 
Jump if direct Bit 
SETB 
C 
Set Carry Flag 
1 
Not set 
3 
2 
SETB 
bit 
Set direct Bit 
2 
JBC 
bit,rel 
Jump if direct Bit 
CPL 
C 
Complement 
is set & Clear bit 
3 
2 
Carry Flag 
CJNE 
A,direct,rel 
Compare 
direct 
CPL 
bit 
Complement 
to A &Jump 
if 
direct bit 
2 
Not Equal 
3 
2 
ANL 
C,bit 
AND direct bit to 
CJNE 
A,#data,rel 
Comp, immed, 
Carry flag 
2 
2 
to A &Jump 
if 
Not Equal 
3 
2 
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Table 2. MCSI8l·51Instruction 
Set Description (Continued) 


Mnemonic 
Description 
Byte Cyc 


PROGRAM AND MACHINE CONTROL 
(Continued) 
CJNE An,#data,rel 
Comp, immed, 
to reg & Jump if 
Not Equal 
CJNE @Ai,#data, rei Comp, immed, 
to indo& Jump if 
Not Equal 
Decrement 
register & Jump 
if Not Zero 
Decrement 
direct & Jump if 
Not Zero 
No operation 


Notes on data addressing modes: 
An 
- 
Working register AO-A7 
direct 
- 
128 internal AAM locations, any I/O 
port, control or status register 
- 
Indirect internal RAM location ad- 
dressed by register AOor R1 


The 8044 contains two 16-bit counters which can be 
used for measuring time intervals, measuring pulse 
widths, counting events, generating precise periodic 
interrupt requests, and clocking the serial communi- 
cations. Internally the Timers are clocked at 1/12 of 
the crystal frequency, which is the instruction cycle 
time. Externally the counters can run up to 500 KHz. 


External events and the real-time driven on-chip pe- 
ripherals require service by the CPU asynchronous 
to the execution of any particular section of code. To 
tie the asynchronous activities of these functions to 
normal program execution, a sophisticated multiple- 
source, two priority level, nested interrupt system is 
provided. Interrupt response latency ranges from 3 
IJosecto 7 IJosecwhen using a 12 MHz clock. 


All five interrupt sources can be mapped into one of 
the two priority levels. Each interrupt source can be 
enabled or disabled individually or the entire inter- 
rupt system can be enabled or disabled. The five 
interrupt sources are: Serial Interface Unit, Timer 1, 
Timer 2, and two external interrupts. The external 
interrupts can be either level or edge triggered. 


Notes on data addressing modes: 
(Continued) 
# data 
- 
8-bit constant included in instruction 
# data16- 
16-bit constant included as bytes 2 
& 3 of instruction 
- 
128 software flags, any I/O pin, con- 
troll or status bit 


Notes on program addressing modes: 
addr16 
- 
Destination address for LCALL & 
LJMP may be anywhere within the 
64-K 
program 
memory 
address 
space 
Addr11 
- 
Destination address for ACALL & 
AJMP will be within the same 2-K 
page of program memory as the first 
byte of the following instruction 
- 
SJMP and all conditional jumps in- 
clude an 8-bit offset byte, Range is 
+ 127 -128 
bytes relative to first 
byte of the following instruction 


All mnemonic 
copyrighted@ 
Intel Corporation 
1979 


Serial Interface Unit (SIU) 


The Serial Interface Unit is used for HDLC/SDLC 
communications. It handles Zero Bit Insertion/Dele- 
tion, Flags automatic access recognization, and a 
16-bit cyclic redundancy check. In addition it imple- 
ments in hardware a subset of the SDLC protocol 
certain applications it is advantageous to have the 
CPU control the reception or transmission of every 
single frame. For this reason the SIU has two modes 
of operation: "AUTO" and "FLEXIBLE" (or "NON- 
AUTO"). It is in the AUTO mode that the SIU re- 
sponds to SDLC frames without CPU intervention; 
whereas, in the FLEXIBLE mode the reception or 
transmission of every single frame will be under CPU 
control. 


There are three control registers and eight parame- 
ter registers that are used to operate the serial inter- 
face. These registers are shown in Figure 5 and Fig- 
ure 6. The control register set the modes of opera- 
tion and provide status information. The eight pa- 
rameter registers buffer the station address, receive 
and transmit control bytes, and point to the on-chip 
transmit and receive buffers. 


Data to be received or transmitted by the SIU must 
be buffered anywhere within the 192 bytes of on- 
chip RAM. Transmit and receive buffers are not al- 
lowed to "wrap around" in RAM; a "buffer end" is 
generated after address 191 is reached. 


intJ 


SYM.OLIC 
'YTE 
REGISTER N"'MES 
•••DDRESS 
.IT •••DDRESS 
•••DDRESS 
r-"-, 


• REGISTER 
• 
2U 
'hrouth 
240 
240 
cFOH} 


"'CCUMUL"'TOR 
•••CC 
231 
224 
224 
CEOH) 
°THREE 'YTE 
FIFO 
FIFO 
223 
CDFH) 
FIFO 
222 
cDEH) 
FIFO 
221 
(DOH) 
TR•••NSMIT 'UFFER 
ST"'RT 
T.S 
220 
COCH) 
TR•••NSMIT 'UFFER 
LENGTH 
T'L 
21. 
(D' H) 
TR•••NSMIT CONTROL 'YTE 
TC' 
21' 
CD"'H) 


• IIU 
IT •••TE COUNTER 
SIUST 
217 
CotH) 


SEND COUNT RECEIVE COUNT 
NSNR 
223 
21' 
21' 
CDaH) 


PROGR •••M ST"'TUS WORD 
PSW 
21 
201 
201 
COOH) 


° OM'" COUNT 
OM'" CNT 
207 
(CFH) 


ST•••TlON •••DDRESS 
STAD 
201 
(CEH) 


RECEIVE FIELD LENGTH 
RFL 
205 
CCDH) 


RECEIVE 'UFFER 
START 
R'S 
204 
CCCH) 
RECEIVE 'UFFER 
LENGTH 
R'L 
203 
(C'H) 
SFR'. 
CONT"'INING 
RECEIVE CONTROL ,YTE 
RC' 
202 
(C"'H) 
DIRECT •••DDRESSA.LE 
.ITS 
SERI •••L MODE 
SMD 
201 
CC9H) 


ST"'TUS REGISTER 
STS 
200 
CClH) 
INTERRUPT 
PRIORITY CONTROL 
IP 
'" 
CIIH) 


PORT 3 
P3 
176 
CIOHI 
INTERRUPT EN•••• LE CONTROL 
IE 
III 
(••••H) 


PORT 2 
P2 
160 
("'OH) 


PORT I 
PI 
1« 
CllOH) 


TIMER HIGH I 
THI 
141 
('DH) 


TIMER HIGH 0 
THO 
140 
('CH) 


TIMER LOW I 
TL1 
139 
C•• H) 


TIMER LOW 0 
TLO 
131 
C••••H) 


TIMER MODE 
TMOD 
137 
CItH) 
TIMER CONTROL 
TCON 
143 
131 
131 
(IIH) 


D"'T'" POINTER HIGH 
DPH 
131 
C.3H) 


D"'T'" POINTER LOW 
DPL 
130 
C'2H) 
ST"'CK POINTER 
SP 
128 
C.,H) 


PORT 0 
PO 
135 
121 
12. 
(SOH) 
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NOTE: 
"ICE Support Hardware registers. Under normal operating conditions there is no need for the CPU to access these 
registers. 


NO FR"'ME CHECK SEQUENCE 
NON·'UFFERED 
PRE·FR•••ME ~YNC 
LOOP 
NON RETURN TO ZERO INVERTED 
SELECT CLOCK MODE 


RECEIVE 'UFFER 
PROTECT 


"'UTO MODE/ •••DDRESSED MODE 
OPTIONAL POLL .IT 
RECEIVE INFORM •••TION 'UFFER 
OVERRUN 
SERIAL INTERF •••CE UNIT INTERRUPT 
REQUEST TO SEND 
RECEIVE 'UFFER 
EMPTY 
TR•••NSMIT 'UFFER 
FULL 


lEND 
COUNT RECEIVE 
COUNT REGISTER (N8NR)~~-N-82--N8-'--N-80---IE--.S--N-R2--N-R-'--N-RO---S-E-R- 


SEQUENCE ERROR RECEIVED 
RECEIVE SEQUENCE COUNTER 
SEQUENCE ERROR SEND 
SEND SEQUENCE COUNTER 


inter 


With the addition of only a few bytes of code, the 
8044's frame size is not limited to the size of its 
internal RAM (192 bytes), but rather by the size of 
external buffer with no degradation of the RUPl's 
features (e.g. NRZI, zero bit insertion/deletion, ad- 
dress recognition, cyclic redundancy check). There 
is a special function register called SIUST whose 
contents dictates the operation of the SIU. At low 
data rates, one section of the SIU (the Byte Proces- 
sor) performs no function during known intervals. 
For a given data rate, these intervals (stand-by 
mode) are fixed. The above characteristics make it 
possible to program the CPU to move data to/from 
external RAM and to force the SIU to perform some 
desired hardware tasks while transmission or recep- 
tion is taking place. With these modifications, exter- 
nal RAM can be utilized as a transmit and received 
buffer instead of the internal RAM. 


In the AUTO mode the SIU implements in hardware 
a subset of the SOLC protocol such that it responds 
to many SOLC frames without CPU intervention. All 
AUTO mode responses to the primary station will 
comform to IBM's SOLC definition. The advantages 
of the AUTO mode are that less software is required 
to implement a secondary station, and the hardware 
generated response to polls is much faster than do- 
ing it in software. However, the Auto mode can not 
be used at a primary station. 


To transmit in the AUTO mode the CPU must load 
the Transmit Information Buffer, Transmit Buffer 
Start register, Transmit Buffer Length register, and 
set the Transmit Buffer Full bit. The SIU automatical- 
ly responds to a poll by transmitting an information 
frame with the P/F bit in the control field set. When 
the SIU receives a positive acknowledgement from 
the primary station, it automatically increments the 
Ns field in the NSNR register and interrupts the 
CPU. A negative acknowledgement would cause the 
SIU to retransmit the frame. 


To receive in the AUTO mode, the CPU loads the 
Receive Buffer Start register, the Receive Buffer 
Length register, clears the Receive Buffer Protect 
bit, and sets the Receive Buffer Empty bit. If the SIU 
is polled in this state, and the TBF bit indicates that 
the Transmit Buffer is empty, an automatic RR re- 
sponse will be generated. When a valid information 
frame is received the SIU will automatically incre- 
ment Nr in the NSNR register and interrupt the CPU. 


While in the AUTO mode the SIU can recognize and 
respond to the following commands without CPU in- 
tervention: 
I (Information), RR (Receive Ready), 
RNR (Receive Not Ready), REJ (Reject), and UP 
(Unnumbered Poll). The SIU can generate the fol· 


lowing responses without CPU intervention: I (Infor- 
mation), RR (Receive Ready), and RNR (Receive 
Not Ready). 


When the Receive Buffer Empty bit (RBE) indicates 
that the Receive Buffer is empty, the receiver is en- 
abled, and when the RBE bit indicates that the Re- 
ceive Buffer is full, the receiver is disabled. Assum- 
ing that the Receiver Buffer is empty, the SIU will 
respond to a poll with an I frame if the Transmit Buff· 
er is full. If the Transmit Buffer is empty, the SIU will 
respond to a poll with a RR command if the Receive 
Buffer Protect bit (RBP) is cleared, or an RNR com- 
mand if RBP is set. 


In the FLEXIBLE mode all communications are un- 
der control of the CPU. It is the CPU's task to en- 
code and decode control fields, manage acknowl- 
edgements, and adhere to the requirements of the 
HOLC/SOLC protocols. The 8044 can be used as a 
primary or a secondary station in this mode. 


To receive a frame in the FLEXIBLE mode, the CPU 
must load the Receive Buffer Start register, the Re- 
ceive Buffer Length register, clear the Receive Buff- 
er Protect bit, and set the Receive Buffer Empty bit. 
If a valid opening flag is received and the address 
field matches the byte in the Station Address regis- 
ter or the address field contains a broadcast ad- 
dress, the 8044 loads the control field in the receive 
control byte register, and loads the I field in the re- 
ceive buffer. If there is no CRC error, the SIU inter- 
rupts the CPU, indicating a frame has just been re- 
ceived. If there is a CRC error, no interrupt occurs. 
The Receive Field Length register provides the num· 
ber of bytes that were received in the information 
field. 


To transmit a frame, the CPU must load the transmit 
information buffer, the Transmit Buffer Start register, 
the Transmit Buffer Length register, the Transmit 
Control Byte, and set the TBF and the RTS bit. The 
SIU, unsolicited by an HOLC/SOLC frame, will trans· 
mit the entire information frame, and interrupt the 
CPU, indicating the completion of transmission. For 
supervisory frames or unnumbered frames, the 
transmit buffer length would be O. 


The FCS register is initially set to all 1's prior to cal- 
culating the FCS field. The SIU will not interrupt the 
CPU if a CRC error occurs (in both AUTO and FLEX· 
IBLE modes). The CRC error is cleared upon receiv- 
ing of an opening flag. 


Frame Format Options 


In addition 
to the standard 
SOLC frame 
format, 
the 
8044 will support 
the frames 
displayed 
in Figure 7. 


The standard 
SOLC frame is shown at the top of this 
figure. For the remaining 
frames the information 
field 
will incorporate 
the control 
or address 
bytes and the 
frame 
check 
sequences; 
therefore 
these 
fields 
will 


be stored 
in the Transmit 
and Receive 
buffers. 
For 
example, 
in the non-buffered 
mode the third byte is 
treated 
as the beginning 
of the information 
field. 
In 
the non-addressed 
mode, 
the information 
field 
be- 


gins after the opening 
flag. The mode bits to set the 
frame 
format 
options 
are found 
in the Serial 
Mode 
register 
and the Status register. 


FRAME OPTION 
NFCS 
NB 
AM1 
FRAME 
FORMAT 


Standard 
SDLC 
0 
0 
0 
~ 
~ 
NON-AUTO 
Mode 


Standard 
SDLC 
0 
0 
~ 
~ 
AUTO Mode 


Non-Buffered 
Mode 
0 
~ 
@ID 
NON-AUTO 
Mode 


Non-Addressed 
Mode 
0 
0 [£] 
@ID 
NON-AUTO 
Mode 


No FCS Field 
0 
0 
~ 
1=0 
NON·AUTO 
Mode 


NoFCSFleld 
0 
~I 
CO 
AUTO Mode 


No FCSFleld 
~I 
CO 
Non-Buffered 
Mode 
NON-AUTO 
Mode 


NoFCSFleld 
Non-Addressed 
Mode 
NON-AUTO 
Mode 
o[£] __ 
~~ 


Mode 
Bits: 
AM 
- 
"AUTO" Mode/Addressed Mode 
NB 
- 
Non-Buffered Mode 
NFCS - 
No FCS Field Mode 


Key to Abbreviations: 
F = Flag (01111110) 
A = Address Field 
C = Control Field 


Note 1: 
The AM bit function is controlled by the NB bit. When NB = 0, AM becomes AUTO mode select, when NB = 1, AM 
becomes Address mode select. 


I = Information Field 
FCS= Frame Check Sequence 


To realize an extended control field or an extended 
address field using the HOLC protocol, the FLEX- 
IBLE mode must be used. For an extended control 
field, the SIU is programmed to be in the non-buff- 
ered mode. The extended control field will be the 
first and second bytes in the Receive and Transmit 
Buffers. For extended addressing the SIU is placed 
in the non-addressed mode. In this mode the CPU 
must implement the address recognition for received 
frames. The addressing field will be the initial bytes 
in the Transmit and Receive buffers followed by the 
control field. 


The SIU can transmit and receive only frames which 
are multiples of 8 bits. For frames received with oth- 
er than 8-bit multiples, a CRC error will cause the 
SIU to reject the frame. 


The SIU can be used in an SOLC loop as a second- 
ary or primary station. When the SIU is placed in the 
Loop mode it receives the data on pin 10 and trans- 
mits the data one bit time delayed on pin 11. It can 
also recognize the Go ahead signal and change it 
into a flag when it is ready to transmit. As a second- 
ary station the SIU can be used in the AUTO or 
FLEXIBLE modes. As a primary station the FLEX- 
IBLE mode is used; however, additional hardware is 
required for generating the Go Ahead bit pattern. In 
the Loop mode the maximum data rate is 1 Mbps 
clocked or 375 Kpbs self-clocked. 


SOLC Multidrop 
Networks 


The SIU can be used in a SDLC non-lOOpconfigura- 
tion as a secondary or primary station. When the SIU 
is placed in the non-loop mode, data is received and 
transmitted on pin 11, and pin 10 drives a tri-state 
buffer. In non-loop mode, modem interface pins, 
RTS and CTS, become available. 


The 8044's serial port can operate in an externally 
clocked or self clocked system. A clocked system 
provides to the 8044 a clock synchronization to the 
data. A self-clocked system uses the 8044's on-chip 
Digital Phase Locked Loop (DPLL) to recover the 
clock from the data, and clock this data into the Seri- 
al Receive Shift Register. 


In this mode, a clock synchronized with the data is 
externally fed into the 8044. This clock may be gen- 
erated from an External Phase Locked Loop, or pos- 
sibly supplied along with the data. The 8044 can 
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This self clocked mode allows data transfer without 
a common system data clock. An on-chip Digital 
Phase Locked Loop is employed to recover the data 
clock which is encoded in the data stream. The 
DPLL will converge to the nominal bit center within 
eight bit transitions, worst case. The DPLL requires a 
reference clock of either 16 times (16x) or 32 times 
(32x) the data rate. This reference clock may be ex- 
ternally applied or internally generated. When inter- 
nally generated either the 8044's internal logic clock 
(crystal frequency divided by two) or the timer 1 
overflow is used as the reference clock. Using the 
internal timer 1 clock the data rates can vary from 
244 to 62.5 Kbps. Using the internal logic clock at a 
16x sampling rate, receive data can either be 187.5 
Kbps, or 375 Kbps. When the reference clock for the 
DPLL is externally applied the data rates can vary 
from 0 to 375 Kbps at a 16x sampling rate. 


To aid in a Phase Locked Loop capture, the SIU has 
a NRZI (Non Return to Zero Inverted) data encoding 
and decoding option. Additionally the SIU has a pre- 
frame sync option that transmits two bytes of alter- 
nating 1's and O's to ensure that the receive station 
DPLL will be synchronized with the data by the time 
it receives the opening flag. 


Control and Status Registers 


There are three SIU Control and Status Registers: 
Serial Mode Register (SMD) 
Status/Command Register (STS) 
Send/Receive Count Register (NSNR) 


The SMD, STS, and NSNR, registers are all cleared 
by system reset. This assures that the SIU will power 
up in an idle state (neither receiving nor transmit- 
ting). 


These registers and their bit assignments are de- 
scribed below. 


The Serial Mode Register (Address C9H) selects the 
operational modes of the SIU. The 8044 CPU can 
both read and write SMD. The SIU can read SMD 
but cannot write to it. To prevent conflict between 
CPU and SIU access to SMD, the CPU should write 
SMD only when the Request To Send (RTS) and 


Receive 
Buffer 
Empty 
(RBE) bits (in the STS regis- 
ter) are both false 
(0). Normally, 
SMD is accessed 
only during initialization. 


The individual 
bits of the Serial Mode Register 
are as 


follows: 


Bit" 
Name 
Description 


SMD.O 
NFCS 
No FCS field in the SDLC frame. 


SMD.1 
NB 
Non-Buffered 
mode. No control 
field in the SDLC frame. 


SMD.2 
PFS 
Pre-Frame 
Sync mode. In this 
mode, the 8044 transmits 
two 
bytes before the first flag of a 
frame, for DPLL synchronization. 
If NRZI is enabled, 
OOHis sent; 
otherwise, 
55H is sent. In either 
case, 16 preframe 
transitions 
are 
guaranteed. 


SMD.3 
LOOP 
Loop configuration. 


SMD.4 
NRZI 
NRZI coding option. 
If bit = 1, 
NRZI coding is used. If bit = 0, 
then it is straight binary (NRZ). 


SMD.5 
SCMO 
Select Clock Mode-Bit 
0 


SMD.6 
SCM1 
Select Clock Mode-Bit 
1 


SMD.7 
SCM2 
Select Clock Mode-Bit 
2 


SCM 
Data Rate 
2 
1 0 
Clock 
Mode 
(Blts/sec)· 


0 
0 
0 
Externally 
clocked 
0-2.4M·· 


0 
0 
1 
Reserved 


0 
1 
0 
Self clocked, 
timer overflow 
244-62.5K 


0 
1 
1 
Reserved 


1 
0 
0 
Self clocked, 
external 
16x 
0-375K 


1 
0 
1 
Self clocked, 
external 
32x 
0-187.5K 


1 
1 
0 
Self clocked, 
internal fixed 
375K 


1 
1 
1 
Self clocked, 
internal fixed 
187.5K 


NOTES: 


'Based on a 12 Mhz crystal frequency 
"0·1 
M bps in loop configuration 


STS: Status/Command 
Register 
(bit- 
addressable) 
Bit: 
7 
6 


TBF 
RBE 


The Status/Command 
Register 
(Address 
C8H) pro- 


vides 
operational 
control 
of the 
SIU by the 
8044 


CPU, and enables 
the SIU to post status information 
for the CPU's 
access. 
The SIU can read STS, and 
can alter certain 
bits, as indicated 
below. 
The CPU 
can both read and write STS asynchronously. 
How- 
ever, 
2-cycle 
instructions 
that 
access 
STS 
during 
both cycles 
('JBC/B, 
REL' and 'MOV /B, C.') should 
not be used, 
since 
the SIU may write 
to STS be- 


tween the two CPU accesses. 


The individual 
bits of the Status/Command 
Register 
are as follows: 


Bit" 
Name 
Description 


STS.O 
RBP 
Receive 
Buffer Protect. 
Inhibits 
writing of data into the receive 
buffer. In AUTO mode, RBP 
forces an RNR response 
instead 
of an RR. 


STS.1 
AM 
AUTO Mode/Addressed 
Mode. 


Selects AUTO mode where 
AUTO mode is allowed. 
If NB is 
true, (= 1), the AM bit selects the 
addressed 
mode. AM may be 
cleared 
by the SIU. 


STS.2 
OPB 
Optional 
Poll Bit. Determines 
whether 
the SIU will generate 
an 
AUTO response 
to an optional 
poll (UP with P = 0). OPM may 
be set or cleared 
by the SIU. 


STS.3 
BOV 
Receive 
Buffer Overrun. 
BOV 
may be set or cleared 
by the SIU. 


STS.4 
SI 
SIU Interrupt. This is one of the 
five interrupt 
sources 
to the CPU. 
The vector location 
= 23H. SI 
may be set by the SIU. It should 
be cleared 
by the CPU before 
returning 
from an interrupt 
routine. 


STS.5 
RTS 
Request To Send. Indicates 
that 
the 8044 is ready to transmit 
or is 
transmitting. 
RTS may be read or 
written by the CPU. RTS may be 
read by the SIU, and in AUTO 
mode may be written by the SIU. 


STS.6 
RBE 
Receive 
Buffer Empty. RBE can 
be thought 
of as Receive 
Enable. 


RBE is set to one by the CPU 
when it is ready to receive a 
frame, or has just read the buffer, 
and to zero by the SIU when a 
frame has been received. 


STS.7 
TBF 
Transmit 
Buffer Full. Written 
by 
the CPU to indicate that it has 
filled the transmit 
buffer. TBF may 
be cleared 
by the SIU. 


inter 


NSNR: Send/Receive 
Count 
Register 
(bit- 
addressable) 
Bit: 
7 
6 


NS2 
NS1 


The 
Send/Receive 
Count 
Register 
(Address 
D8H) 
contains 
the 
transmit 
and 
receive 
sequence 
num- 
bers, plus tally error 
indications. 
The SIU can both 
read and write NSNR. The 8044 CPU can both read 
and write 
NSNR 
asynchronously. 
However, 
2-cycle 
instructions 
that 
access 
NSNR 
during 
both 
cycles 
('JBC 
/B, 
REl,' 
and 
'MOV 
/B,C') 
should 
not 
be 
used, since the SIU may write to NSMR between 
the 
two 8044 CPU accesses. 


The individual 
bits of the Send/Receive 
Count Reg- 
ister are as follows: 


Bit# 
Name 
Description 


NSNR.O 
SER 
Receive Sequence 
Error: 


NS (P) "* NR (S) 


NSNR.1 
NRO 
Receive Sequence 
Counter-Bit 
0 


NSNR.2 
NR1 
Receive Sequence 
Counter-Bit 
1 


NSNR.3 
NR2 
Receive 
Sequence 
Counter-Bit 
2 


NSNR.4 
SES 
Send Sequence 
Error: 
NR (P) "* NS (S) and 
NR (P) "* NS (S) + 1 


NSNR.5 
NSO 
Send Sequence 
Counter-Bit 
0 


NSNR.6 
NS1 
Send Sequence 
Counter-Bit 
1 


NSNR.7 
NS2 
Send Sequence 
Counter-Bit 
2 


Parameter Registers 


There are eight parameter 
registers 
that are used in 
connection 
with 
SIU 
operation. 
All 
eight 
registers 
may be read or written 
by the 8044 CPU. RFl 
and 
RCB are normally 
loaded 
by the SIU. 


ST AD: Station 
Address 
Register 
(byte-addressable) 


The 
Station 
Address 
register 
(Address 
CEH) 
con- 
tains the station 
address. 
To prevent 
acess conflict, 
the CPU should 
access 
STAD only when the SIU is 
idle (RTS = 0 and RBE = 0). Normally, 
STAD 
is 
accessed 
only during initialization. 


TBS: Transmit 
Buffer 
Start 
Address 
Register 
(byte-addressable) 


The Transmit 
Buffer Start address 
register 
(Address 
DCH) points 
to the location 
in on-chip 
RAM for the 
beginning 
of the I-field of the frame 
to be transmit- 
ted. The CPU should access TBS only when the SIU 
is not transmitting 
a frame 
(when TBF = 0). 


TBL: Transmit 
Buffer 
Length 
Register 
(byte 
= addressable) 


The Transmit 
Buffer 
length 
register 
(Address 
DBH) 
contains 
the 
length 
(in bytes) 
of the 
I-field 
to 
be 
transmitted. 
A blank 
I-field (TBl 
= 0) is valid. The 
CPU should 
access 
TBl 
only when 
the SIU is not 
transmitting 
a frame 
(when TBF = 0). 


NOTE: 
The transmit 
and receive 
buffers 
are not allowed 
to 
"wrap 
around" 
in the on-chip 
RAM. A "buffer 
end" 
is automatically 
generated 
if address 
191 (BFH) 
is 
reached. 


TCB: Transmit 
Control 
Byte 
Register 
(byte-addressable) 


The Transmit 
Control 
Byte register 
(Address 
DAH) 
contains 
the byte which is to be placed in the control 
field 
of the 
transmitted 
frame, 
during 
NON-AUTO 
mode 
transmission. 
The 
CPU should 
access 
TCB 
only when the SIU is not transmitting 
a frame 
(when 
TBF = 0). The Nsand 
NR counters 
are not used in 
the NON-AUTO 
mode. 


RBS: Receive 
Buffer 
Start 
Address 
Register 
(byte-addressable) 


The Receive 
Buffer Start address 
register 
(Address 
CCH) points 
to the location 
in on-chip 
RAM where 
the beginning 
of the 
I-field 
of the frame 
being 
re- 


ceived 
is to be stored. 
The CPU should 
write 
RBS 
only when 
the SIU is not receiving 
a frame 
(when 
RBE = 0). 


RBL: Receive 
Buffer 
Length 
Register 
(byte-addressable) 


The Receive 
Buffer 
length 
register 
(Address 
CBH) 
contains 
the length 
(in bytes) of the area in on-chip 
RAM 
allocated 
for the 
received 
I-field. 
RBl = 0 is 
valid. The CPU should write RBl 
only when RBE = O. 


RFL: Receive 
Field Length 
Register 
(byte-addressable) 


The Receive Field Length register (Address CDH) 
contains the length (in bytes) of the received I-field 
that has just been loaded into on-chip RAM. RFL is 
loaded by the SIU. RFL = 0 is valid. RFL should be 
accessed by the CPU only when RBE = O. 


RCB: Receive 
Control 
Byte Register 
(byte-addressable) 


The Received Control Byte register (Address CAH) 
contains the control field of the frame that has just 
been received. RCB is loaded by the SIU. The CPU 
can only read RCB, and should only access RCB 
when RBE = O. 


ICE Support 


The 8044 In-Circuit Emulator (ICE-44) allows the 
user to exercise the 8044 application system and 
monitor the execution of instructions in real time. 


The emulator operates with Intel's Intellec™ devel- 
opment system. The development system interfaces 
with the user's 8044 system through an in-cable 
buffer box. The cable terminates in a 8044 pin-com- 
patible plug, which fits into the 8044 socket in the 
user's system. With the emulator plug in place, the 
user can excercise his system in real time while col- 
lecting up to 255 instruction cycles of real-time data. 
In addition, he can single-step the program. 


Static RAM is available (in the in-cable buffer box) to 
emulate the 8044 internal and external program 
memory and external data memory. The designer 
can display and alter the contents of the replace- 
ment memory in the buffer box, the internal data 
memory, and the internal 8044 registers, including 
the SFR's. 


SIUST: SIU State Counter 
(byte-addressable) 


The SIU State Counter (Address D9H) reflects the 
state of the internal logic which is under SIU control. 
Therefore, care must be taken not to write into this 
register. This register provides a useful means for 
debugging 8044 receiver problem. 
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ABSOLUTE 
MAXIMUM 
RATINGS" 
Ambient 
Temperature 
Under Bias .. ; ... O·C to 70·C 


Storage Temperature 
- 65·C to - 150·C 


Voltage on EA, VPP Pin to VSS 
- 0.5V to - 21.5V 


Voltage on Any Other Pin to VSS 
-0.5V 
to -7V 


Power Dissipation 
2W 


•Notice: Stresses above those listed under 'i4bso- 
lute M8XimumRatings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute m8Ximum rating conditions for 
extended periods mayaHect device reliability. 


Symbol 
Parameter 
Mln 
Max 
Unit 
Test Conditions 


VIL 
Input Low Voltage 
(Except EA Pin of 8744H) 
-0.5 
0.8 
V 


VIL1 
Input Low Voltage to EA Pin of 8744H 
0 
0.8 
V 


VIH 
Input High Voltage 
(Except XTAL2, RST) 
2.0 
VCC + 0.5 
V 


VIH1 
Input High Voltage to XTAL2, RST 
2.5 
VCC + 0.5 
V 
XTAL1 = VSS 


VOL 
Output 
Low Voltage 
(Ports 1, 2, 3)· 
0.45 
V 
IOL = 1.6mA 


VOL1 
Output Low Voltage 
(Port O,ALE,PSEN)· 


8744H 
0.60 
V 
IOL = 3.2mA 
0.45 
V 
IOL = 2.4 mA 


8044AH/8344AH 
0.45 
V 
IOL = 3.2mA 


VOH 
Output High Voltage 
(Ports 1, 2, 3) 
2.4 
V 
IOH = -80 
J.LA 


VOH1 
Output High Voltage 
(Port 0 in External 
2.4 
V 
IOH = -400 
J.LA 
Bus Mode, ALE, PSEN) 


ilL 
Logical 0 Input Current (Ports 1, 2, 3) 
-500 
J.LA 
Vin = 0.45V 


ilL 1 
Logical 0 Input Current to EA Pin 
-15 
mA 
of 8744H only 


IIL2 
Logical 0 Input Current (XTAL2) 
-3.6 
mA 
Vin = 0.45V 


III 
Input Leakage Current (Port 0) 
8744H 
±100 
J.LA 
0.45 < Vin < VCC 
8044AH/8344AH 
±10 
J.LA 
0.45 < Vin < VCC 


IIH 
Logical 
1 Input Current to EA Pin of 8744H 
500 
J.LA 


IIH1 
Input Current to RST to Activate 
Reset 
500 
J.LA 
Vin < (VCC - 
1.5V) 


ICC 
Power Supply Current: 
All Outputs 
Discon- 


8744H 
285 
mA 
nected: EA = VCC 
8044AH/8344AH 
170 
mA 


CIO 
Pin Capacitance 
10 
pF 
Test Freq. = 1MHz(1) 


• NOTES: 
1. Sampled not 100% tested. TA = 2S"C. 
2. Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the VOLs of ALE and Ports 
1 and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pin when these pins make 1-to- 
o transitions during bus operations. In the worst cases (capacitive loading> 
100 pF), the noise pulse on the ALE line may 
exceed o.av. In such cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt 
Trigger STROBE input. 
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A.C. CHARACTERISTICS 
TA = O·C to + 70·C, VCC = 5V ± 10%, VSS = OV, Load Capacitance 
for Port 0, ALE, and PSEN = 100 pF, 
Load Capacitance 
for All Other Outputs 
= 80 pF 


12 MHzOsc 
Variable 
Clock 


Symbol 
Parameter 
lITCLCL 
= 3.5 MHz to 12 MHz 
Unit 


Mln 
Max 
Mln 
Max 


TLHLL 
ALE Pulse Width 
127 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
43 
TCLCL-40 
ns 


TLLAX1 
Address 
Hold After ALE Low 
48 
TCLCL·35 
. 
ns 


TLLlV 
ALE Low to Valid Instr in 
ns 


8744H 
183 
4TCLCL-150 
8044AH/8344AH 
233 
4TCLCL·100 


TLLPL 
ALE Low to PSEN Low 
58 
TCLCL-25 
ns 


TPLPH 
PSEN Pulse Width 
8744H 
190 
3TCLCL·60 
ns 
8044AH/8344AH 
215 
3TCLCL-35 
ns 


TPLIV 
PSEN Low to Valid Instr in 
8744H 
100 
3TCLCL·150 
ns 
8044AH/8344AH 
125 
3TCLCL·125 
ns 


TPXIX 
Input Instr Hold After PSEN 
0 
0 
ns 


TPXIZ2 
Input Instr Float After PSEN 
63 
TCLCL-20 
ns 


TPXAV2 
PSEN to Address 
Valid 
75 
TCLCL·8 
ns 


TAVIV 
Address 
to Valid Instr in 
8744H 
267 
5TCLCL·150 
ns 
8044AH/8344AH 
302 
5TCLCL-115 
ns 


TAZPL 
Address 
Float to PSEN 
-25 
-25 
ns 


NOTES: 
1. TLLAX for access to program memory is different from TLLAX for data memory. 
2. Interfacing RUPI-44 devices with float times up to 75ns is permissible. This limited bus contention will not cause any 
damage to Port 0 drivers. 
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12 MHzOsc 
Variable 
Clock 


Symbol 
Parameter 
1/TCLCL 
= 3.5 MHz to 12 MHz 
Unit 


Mln 
Max 
Mln 
Max 


TRLRH 
RD Pulse Width 
400 
6TCLCL-100 
ns 


TWLWH 
WR Pulse Width 
400 
6TCLCL-100 
ns 


TLLAX 
Address 
Hold after ALE 
48 
TCLCL-35 
ns 


TRLDV 
RD Low to Valid Data in 
252 
5TCLCL·165 
ns 


TRHDX 
Data Hold After RD 
0 
0 
ns 


TRHDZ 
Data Float After RD 
97 
2TCLCL·70 
ns 


TLLDV 
ALE Low to Valid Data In 
517 
8TCLCL-150 
ns 


TAVDV 
Address 
to Valid Data In 
585 
9TCLCL·165 
ns 


TLLWL 
ALE Low to RD or WR Low 
200 
300 
3TCLCL-50 
3TLCLCL+50 
ns 


TAVWL 
Address 
to RD or WR Low 
203 
4TCLCL-130 
ns 


TQVWX 
Data Valid to WR Transition 
8744H 
13 
TCLCL-70 
ns 
8044AH/8344AH 
23 
TCLCL-60 
ns 


TQVWH 
Data Setup Before WR High 
433 
7TCLCL-150 
os 


TWHQX 
Data Held After WR 
33 
TCLCL-50 
ns 


TRLAZ 
RD Low to Address 
Float 
25 
25 
ns 


TWHLH 
RD or WR High to ALE High 
8744H 
33 
133 
TCLCL·50 
TCLCL+50 
ns 
8044AH/8344AH 
43 
123 
TCLCL·40 
TCLCL+50 
ns 


NOTE: 
1. TLLAX 
for access 
to program 
memory 
is different 
from TLLAX 
for access 
data memory. 


Symbol 
Parameter 
Mln 
Max 
Unit 


TDCY 
Data Clock 
420 
ns 


TDCL 
Data Clock Low 
180 
ns 


TDCH 
Data Clock High 
100 
ns 


tTD 
Transmit 
Data Delay 
140 
ns 


tOSS 
Data Setup Time 
40 
ns 


tOHS 
Data Hold Time 
40 
ns 
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PSEN 


AD 


TAVWL 
TLLAX 


A7-AD 


2.4=>(2.0 
2.0L 


TEST POINTS 
0.45 
.•• 
0.•..• 
...• 
0_. 
.• 
j 


FLOAT t 
2.4 
_20 
_2.0 
2.4 


~ 
U 
~. 
0.45 


231663-14 


231663-13 


AC testing Inputs are driven at 2.4V for a Logic "1" and 0.45V for 
a Logic "0" Timing measurements are made at 2.0V for a Logic 
"1" and 0.8V for a Logic "0". 


Variable Clock 
Symbol 
Parameter 
Freq = 3.5 MHz to 12 MHz 
Unit 
Mln 
Max 


TCLCL 
Oscillator 
Period 
83.3 
285.7 
ns 


TCHCX 
High Time 
20 
TCLCL-TCLCX 
ns 


TCLCX 
Low Time 
20 
TCLCL-TCHCX 
ns 


TCLCH 
Rise Time 
20 
ns 


TCHCL 
Fall Time 
20 
ns 


I 


STATE4 I 
STATE 5 


Pl I P2 
Pl I P2 


S~'ATE6 


Pl I P2 


STATE 1 


Pl I P2 


STATE 2 


Pl I P2 


STATE 3 


Pl I P2 


STATE4 


Pl I P2 


STATE 5 


Pl I P2 
2'I 
I 
_I_- 
THESE SIGNALS ARE NOT 
ACTIYATED DURING THE 
EXECUTION OF A MOYX INSTRUCTION 
____ 
I 
,,,,- 
I 
L 


P2(EXT) 


READ CYCLE 


RD 


OOHIS EMITTED 
PCL OUT (IF PROGRAM 
DURING THIS PERIOD 
MEMORY IS EXTERNAll 
~c( 
FLOAT S~D 
.n~ 
I 
P2 
WRITE CYCLE 


, PCL OUT(EYEN IF PROGRAM 
------------ 
MEMORY IS INTERNAL) 


!. 
DATA OUT----- 
.•••••6-,.-..: tCL OUT ;I~OGRAM 


-----:---IN-D-IC-A-T-ES-D-PH-O-R-P-2-S-F-R-T-O-P-C-H-T-R-A-N-S-IT-I-O-N-S----\ 
MEMORY IS EXTERNAL) 
P2 


PORT OPERATION 


MOY PORT, SRC 
OLD DATAINEW DATA 
______________________ 
--LPO PINS SAMPLED 
MOV DEST.PO 
~ 
f---4{ 


MOY DEST,PORT (Pl. P2. P3) 
POPINS SAMPLED 


(INCLUDES INTO.INTl. 
TO.Tl) 
~-------------------- 
•••••~ 


Pl. P2. P3 PINS SAMPLED 
Pl. P2, P3 
SERIAL PORT SHIFT CLOCK 
PINS SAMPLED 


J~gDE 0) 
~-XD-S-A-M-PL-E-D------------------~AMPLED 


231663-16 


This diagram 
indicates 
when signals 
are clocked 
internally. 
The time it takes the signals to propagate 
to the 
pins, however, 
ranges from 25 to 125 ns. This propagation 
delay is dependent 
on variables 
such as tempera- 
ture and pin loading. 
Propagation 
also varies from output 
to output 
and component 
to component. 
Typically 
though, 
(TA = 25°C, fully loaded) 
RD and WR propagation 
delays are approximately 
50 ns. The other signals 


are typically 
85 ns. Propagation 
delays are incorporated 
in the AC specifications. 
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Erasure of the 8744H Program Memory begins to 
occur when the chip is exposed to light with wave- 
lengths 
shorter 
than 
approximately 4,000 
Ang- 
stroms. Since sunlight and fluorescent lighting have 
wavelengths in this range, constant exposure to 
these light sources over an extended period of time 
(about 1 week in sunlight, or 3 years in room-level 
fluorescent lighting) could cause unintentional era- 
sure. If an application subjects the 8744H to this 
type of exposure, it is suggested that an opaque la- 
bel be placed over the window. 


The recommended erasure procedure is exposure 
to ultraviolet light (at 2537 Angstroms) to an integrat- 
ed dose of at least 15 W-sec/cm2 
rating for 20 to 30 
minutes, at a distance of about 1 inch, should be 
sufficient. 


Programming 
the EPROM 


To be programmed, the 8744H must be running with 
a 4 to 6 MHz oscillator. (The reason the oscillator 
needs to be running is that the internal bus is being 
used to transfer address and program data to appro- 
priate registers.) The address of an EPROM location 
to be programmed is applied to Port 1 and pins P2.0- 
P2.3 of Port 2, while the data byte is applied to Port 
O. Pins P2.4-P2.6and PSEN should be held low, and 
P2.7 and RST high. (These are all TTL levels except 
RST, which requires 2.5V for high.) EAIV~P is held 
normally high, and is pulsed to +21V. While EAt 
VPP is at 21V, the ALE/PROG pin, which is normally 
being held high, is pulsed low for 50 msec. Then 
EAIVPP is returned to high. This is illustrated in Fig- 


ure 8. Detailed timing specifications are provided in 
the EPROM Programming and Verification Charac- 
teristics section of this data sheet. 


The program memory security feature is developed 
around a "security bit" in the 8744H EPROM array. 
Once this "hidden bit" is programmed, electrical ac- 
cess to the contents of the entire program memory 
array becomes impossible. Activation of this feature 
is accomplished by programming the 8744H as de- 
scribed in "Programming the EPROM" with the ex- 
ception that P2.6 is held at a TTL high rather than a 
TTL low. In addition, Port 1 and P2.0-P2.3 may be in 
any state. Figure 9 illustrates the security bit pro- 
gramming configuration. Deactivating the security 
feature, which again allows programmability of the 
EPROM, is accomplished by exposing the EPROM 
to ultraviolet light. This exposure, as described in 
"Erasure Characteristics," erases the entire EPROM 
array. Therefore, attempted retrieval of "protected 
code" results in its destruction. 


Program Memory may be read only when the "secu- 
rity feature" has not been activated. Refer to Figure 
10 for Program Verification setup. To read the Pro- 
gram Memory, the following procedure can be used. 
The unit must be running with a 4 to 6 MHz oscilla- 
tor. The address of a Program Memory location to 
be read is applied to Port 1~ins 
P2.0-P2.3 of 
Port 2. Pins P2.4-P2.6 and PSEN are held at TTL 
low, while the ALE/PROG, RST, and EAIVPP pins 
are held at TTL high. (These are all TTL levels ex- 
cept RST, which requires 2.5V for high.) Port 0 will 
be the data output lines. P2.7 can be used as a read 
strobe. While P2.7 is held high, the Port 0 pins float. 
When P2.7 is strobed low, the contents of the ad- 
dressed location will appear at Port O. External pull- 
ups (e.g., 10K) are required on Port 0 during program 
verification. 


PI 
.744H 


P2.0- 
P2.3 


PH 


P2.5 


P2.6 


P2.7 


XTAL2 


XTALl 


VSS 
- 


ACCR. 
OOOOH- 
OFFFH 


HC 
PI 
8744H 


HC 
P2.0- 
P2.3 


P2.4 


P2.5 


P2.6 


TTL HIGH 
P2.7 


XTAL2 


XTALI 


VSS 
- 


RST 
VIHI 


PHN 


RST 
VIHI 


PSEN 
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AOOR. 
OOOOH· 
OFFFH 


P2.4 


P2.S 
A_LE --r- TTL HIGH 
PH 
-.l 


P2.7 
EA 


XTAL2 
RST 
VIHI 


xrALI 
PSEN 


VSS 
-= 


EPROM PROGRAMMING, 
SECURITY 
BIT PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 
TA = 21°C to 27°C, VCC = 4.5V to 5.5V, VSS = OV 


Symbol 
Parameter 
Mln 
Max 
Units 


Vpp 
Programming 
Supply Voltage 
20.5 
21.5 
V 


IPP 
Programming 
Current 
30 
mA 


1/TCLCL 
Oscillator 
Frequency 
4 
6 
MHz 


TAVGL 
Address 
Setup to PROG 
48TCLCL 


TGHAX 
Address 
Hold after PROG 
48TCLCL 


TDVGL 
Data Setup to PROG 
48TCLCL 


TGHDX 
Data Hold after PROG 
48TCLCL 


TEHSH 
ENABLE 
High to Vpp 
48TCLCL 


TSHGL 
Vpp Setup to PROG 
10 
jJosec 


TGHSL 
Vpp Hold after PROG 
10 
jJosec 


TGLGH 
PROGWidth 
45 
55 
msec 


TAVQV 
Address 
to Data Valid 
48TCLCL 


TELQV 
ENABLE to Data Valid 
48TCLCL 


TEHQZ 
Data Float after ENABLE 
0 
48TCLCL 
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EPROM 
PROGRAMMING, 
SECURITY 
BIT PROGRAMMING 
AND VERIFICATION 
WAVEFORMS 


TSHGL 
TGHSL 
T'Ci'lGH -- 


21V 
' ,5V 
_J~ 


P2,7 
(mAm) 
f 
OC 
.' 
J_TEHQZ 


RUPITM Development 
23 
Support Tool 


IN-CIll€lIIT 
EItJVl,tI'I'OIl"'011 THE VPI'"·4tUI.,..""l,t 
01' 
PIlOGIl,4ItJItJ,4BU 
I/O rIlOCESSORS 


The ICE·51001452 In·Circuit Emulator IS a complete hardwart'h;oftllart' uehug ('nvironment for 
developing embedded control applir.ations hased on the Intt'llIPI"'-4:'2 
famil~ of I/O rx:riphl'rals. 
With high·performance full·speed emulation, symbolic dehugging, and nexible ml'nl\ll'~ mapping, thl' 
ICE·5100/452 emulator expedites all stages of development: hardware.'d~\l'lo~lIIl'11l. sonwart' 
de\elopment, system integration, and system test: shortemng ~our prt*,,!'s 
tinH' to market. 


FE,4'1'IJRES 


• Full speed to the speed of the componenl. 
• 64K~ of emulation mapped memory. 
• 254 frames of execution trace, 
• Symbolic debug. 
• serial link to an IBM PCXT,AT, 100% 
compatible, 


• Four address break~nints with in-range, 


out-o(·range,and page breaks 


• On·line disassembler and single line 
assembler, 


• Full emulation and debug support for the 
FIfO Buffrr. 


• Sourt'e mde display, 
• ASM·;;1 and PUI.l-;; I langoage sUPlxlrt. 
• Pop-up help. 
• DOSshelll',~:ap{', 
• On·lmetutorial. 
• ~uilt·ill CK'I'basel! editor. 
• System St'lf·tpstdiagnostics 
• \\orhlwidc St'rvi(~' and sU~IHlrt. 
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system mtegration. 


(H"B 
of ;(,('1'{)wait·state 
eOlulation 
rnl'IT10r~ is a\<lil<lhll' It, 


re(llan' 
targ(1 system (wI!' 
memory, allow ing solftwart' 
dehug It, h•.gin I'VI'n hefon' 
prtltotYIK' 
harUl\an' 
IS fipishl'd. 


FLEXIBLE BIlE,4M.roIN'l'ING 
I'01l 
()IlICM. rllOBtEltIlSOMTION 


Thl' ICE·;; 100/452 I'mulalt,r 
S1II'IK'rlS t1Jrtl' llilTl'rl'rlt 
typt'S 


oCbreak spt'('ifications: 
sped fie add('('Ss brt'aks 
on up to 


64.000 
possibll' 
addn'S.'>l'S; ranw 
breaks. 
both within 
and 


outside a user-(Jrfined 
range; and page brroks, 
up to 256 


pagt>s on 25&byt(' 
boundaries. 
254 Irames Ilf l'~l'Cution 


trarl' 
memory 
pmvide 
ample dl'bug 
Inlormation. 
with l'<l('h 


fram,' divided 
into 
16 bits elf program 
('x('CUlion addl'l'S.~ 
and Il bits or l'xll'rnall'Vl'nl 
infINrma!.ion. A maNil1ll111lIlf hlr 


tmcepoints 
allows qualifil'l1 
lrao' 
for a varit'ty 
of dl'hull 


mnditions. 


SI'ItIBOUC 
DEBIlGGING I'OIlFAS'l' 
DEJ'EWrItlEN'l' 


Ix'Silln 
tearll pn~luctivity 
is mllan •.(,(1hy thc liS!' of 


SYlllIKliic Ik'hllg 
('('I'"r('I1I'('S Itl p('(lIlram 
lin". high·l"vd 


stat"II1('nL~. anti I1llKlul(' and var'iahl(' naml'S. Tlk' U'I'IlIS 
lJSl'lllt' 
tI('\Ido(l 
pmgrarns 
al'l' Ull' :;;101" IISt,1 for syst(,111 


Ik'huglling. 


r,4'l'CII CODE tf'1'l'HOIJ'l'IlECOMrlUNG 


(~KI('·pat('hing 
is ('asy \\ illi th(' IC~:·" IlXlI-!,,2 
('mulaulr's 


singl('·lint' 
as,'>l'mhll'!', \la('hin" 
I1KI(' can Ill' tli:;;Is,'>l'mbll~1 W 


mnt'nMmi('S for significantly 
mSlt'r 
,I('hll~inl! 
a",IIJr<'i(~'l 


dl'\l'!opm('nl. 


E,4SI' TO U,4IlN 
,4ND IlSE 


TIN' ICE·" 1()(1/452 
is a('compani(~1 hy a lull tutorial 
that 


"xplains 
all sysu'm 
functions 
and Il('(,vidl"; 
many ('xamples, 


,\I!llilional 
f,'aWn'S such as on· lilli' h('lp, a hllilt·in 
C~'I'·has(~1 
,~litol'. ami DOS sh,,11l'SfaIK' mak(' th(' ('mulator 
f:L~t and 


",Isy' to liS!' liJr IKlth novil'l' 
anll I'XIK'!'i('ll('(~1 users. )011ean 


dl'\l'lop 
your ol\n 1('St suitt'S or saw fl'{~IU('ntly,usl~1 dl'hull 


l'olllint'S 
as Ildlllg 
p(,(K~~lun'S (I'~()(~~) that I~n lx' invok!'d 


with a slngk' mmmami. 


tf'OIltDtf'IDE 
SEIlJ'ICE ,4ND SlJrrollT 


'I'h(' 10:·" II XlI-! ,,2 ('mulato!' 
is SUPIKJrll~1hy Intd's 
worhl\\ ilk' so'n i(~' and SUI>IKlrt organiwtion. 
In addition 
W 


an ".\It'mkllwal'ranty, 
you r;1ll chlKlse fmm hut!im' sUPflurl, 


un·sit" 
syst"m 
('IIllintwing 
as,~ist.an('('. and a "aril'ty 
uf 


haods~'n 
traininll 
\\orkshops. 


EUCJ'Il'CtiL 
CONS'DElltlJ'IONS 


Ttw t>lIIulation 
processor's 
user·pin 
timings 
~!I(Jloadings 
art> 
idt>ntiral 
to the 452 romponent 
except as [ollows: 


• 
L'p to 2G pF o[ addillonal 
pin caparitanlx' 
is mntl'ihuU'd 
b~ thl' pnJCl'Ssor module 
and larwt 
adaptor 
as,'il'mhlit'S. 


".", 1le9.'n_I8: 


1ll\1 PC·:o;r.\T 
or compatible 
PC·DOS 3.0 or later 
5121-; 101\\1 
One f1opp~ dri\c 
and hard disk 
,.""fIIaI, Cb~: 


Tht' ICIo:·510014 52 t'mulator 
consists 
o[ the [ollo"ing 
components: 


hiD 
"'NUl 
••••• 
1 
teqUl 
IIId! ••• 1.d1 ('- Illdl •• 


C.untnlllt'r 
Plxl 
8.25 
21.0 
1.5 
3.8 
13.5 
34.3 
l'ser 
cablt' 
39.0 
99.0 
I'nlccssor 
\lodule· 
3.8 
9.7 
J.5 
3.8 
4.0 
10.2 


Pl)\\"t'r Suppl~ 
7.6 
18.1 
4.0 
10.2 
11.0 
28.0 


Serial Cable 
144.0 
360.0 


E1«IrlaJ' Cbrada'l8tk8: 


I~)\\t'r 
supply 


l()(~ 120\ 
or LLO·240\ 
,;('b'tahlt' 
;;(~60 Hz 
2 amps (.'\C max) @ 12m 
I amp (AC max) @ 240\ 
1:."',.._II1II' Cbntelel'ltllk8: 


0rx'rating 
u'mrx'rature: 
+ 10°C W + 40°C (SOOF to 104°F) 


Opel'ating 
humidity: 
\la,il1lul1l 
o[ H,,% rt>lativl' humidity . 


non·condensing 


Order Code 


p1452KITAD 


Description 


Kit oontalns 
ICE·51 001452 user probe 
assembly. power supply and cables. 
serial cables. target adapter. crystal 
power accessory. emulator 
controller 
pod. emulator 
sdtware. 
DOS host 
communication 
cables. ASM·51 and 
AEDIT text editor (requires 
sdtware 
lioenlle). 


Kit contains the same romponents 
as 
p1452KITAD. excluding 
ASM·51 and the 
AEDIT text edllor (requires 
SOftware 
license). 


Conversion 
kit Cor lCE·51001451. 


ICE-51001252. 
or lCE·51001044 
running 
PC-DOS 3.0 or later. 10 provide 
emulation 
support 
Cor 8OC452 
components 
(requires 
sdtwarc 
lioense). 


Target adapter 
Cor 68·pin PLCC package 
support. 


ASMIRL 51 package Cor PC-DOS 
(requires 
llOftware Iioense). 


PlJMIRL 
51 package Cor PC-DOS 
(requires 
software 
lloense). 


AEDIT text edllor Cor PC-DOS. 


MCS is a regiSlered trademark 
and ICE Is a trademark 
oC 
Intel Corporation. 


IBM and PC'AT are registered 
trademarks 
and PClXT a 
trademark 
ollntemational 
Business Machines Corporation. 


For direct inConnation on Intel·s Development Tools. or Cor 
the number of your nearest sales olI1ce or distributor. 
call 
800-874-6835 
(U.S.). For InCormatlon or 1I1m1ture on 
additional 
Intel products. 
call 800-548-4725 
(U.S. and 
canada). 


8080A/8080A-1/8080A-2 
8-BIT N-CHANNEL MICROPROCESSOR 


• 
TTL Drive Capability 
• 
2,..,s (-1:1.3 
,..,S, - 2:1.5 ,..,s)Instruction 
Cycle 


• 
Powerful Problem Solving Instruction 
Set 


• 
6 General Purpose Registers and an 
Accumulator 


• 
16-Blt Program Counter for Directly 
Addressing 
up to 64K Bytes of Memory 


• 
16-Blt Stack Pointer and Stack 
Manipulation Instructions 
for Rapid 
Switching of the Program Environment 


• 
Decimal, Binary, and Double Precision 
Arithmetic 


• 
Ability to Provide Priority Vectored 
Interrupts 


• 
512 Directly Addressed 
I/O Ports 


• 
Available In EXPRESS 
- 
Standard Temperature 
Range 


• 
Available In 40-Lead Cerdlp and Plastic 
Packages 
. 


(See 
Packaging 
Spec. 
Order 
#231369) 


The Intel(8)8080A is a complete 
8-bit parallel central 
processing 
unit (CPU). It is fabricated 
on a single LSI chip 
using Intel's 
n-channel 
silicon gate MOS process. 
This offers the user a high performance 
solution 
to control 
and processing 
applications. 


The 8080A 
contains 
6 8-bit general 
purpose 
working 
registers 
and an accumulator. 
The 6 general 
purpose 
registers 
may be addressed 
individually 
or in pairs 
providing 
both 
single 
and double 
precision 
operators. 
Arithmetic 
and logical 
instructions 
set or reset 4 testable 
flags. A fifth flag provides 
decimal 
arithmetic 
opera- 
tion. 


The 8080A 
has an external 
stack feature 
wherein 
any portion 
of memory 
may be used as a last in/first 
out 
stack 
to store/retrieve 
the contents 
of the accumulator, 
flags, 
program 
counter, 
and 
all of the 
6 general 
purpose 
registers. 
The 16-bit stack pointer 
controls 
the addressing 
of this external 
stack. This stack gives the 
8080A 
the ability to easily 
handle 
multiple 
level priority 
interrupts 
by rapidly 
storing 
and restoring 
processor 
status. 
It also provides 
almost 
unlimited 
subroutine 
nesting. 


This 
microprocessor 
has been 
designed 
to simplify 
systems 
design. 
Separate 
16-line 
address 
and 
8-line 
bidirectional 
data 
busses 
are used 
to facilitate 
easy 
interface 
to memory 
and 
I/O. 
Signals 
to control 
the 
interface 
to memory 
and I/O 
are provided 
directly 
by the 8080A. 
Ultimate 
control 
of the address 
and data 
busses 
resides 
with the HOLD 
signal. 
It provides 
the ability 
to suspend 
processor 
operation 
and force 
the 
address 
and data busses into a high impedance 
state. This permits 
OR-tying 
these busses with other control- 
ling devices 
for (DMA) direct 
memory 
access 
or multi-processor 
operation. 


NOTE: 
The 8080A 
is functionally 
and electrically 
compatible 
with the Intel 8080. 


flOWER1- 
-+12V 
SU"'LI£$ 
_ 
+5\' 


_-5V 
-ONO 


TIMING 
AND 
CONTROL 


AU 
GND 
D. 
D. 


D. 
0, 


OJ 
0, 
0, ° 


DO 
-5V 


RESET 


HOLD 
.NT 
" 
INTE 0 


OBIN 
0 


WR 


SYNC 


+5V 


An 
Au 
Au 


AU 
A,. 


As 


A. 
A, 


As 


As 


Ao 


AJ 


+12V 
A, 


A, 


As 


WAIT 


READY 
"HLDA 


inter 


Symbol 
Type 
Name and Function 


A1S-Ao 
0 
ADDRESS 
BUS: The address 
bus provides 
the address to memory 
(up to 64K 8·bit 
words) or denotes 
the 1/0 device number for up to 256 input and 256 output devices. 
Ao 
is the least significant 
address bit. 


DrDo 
1/0 
DATA BUS: The data bus provides 
bi-directional 
communication 
between 
the CPU, 
memory, and 1/0 devices for instructions 
and data transfers. 
Also, during the first clock 
cycle of each machine 
cycle, the 8080A outputs a status word on the data bus that 
describes 
the current machine 
cycle. Do is the least significant 
bit. 


SYNC 
0 
SYNCHRONIZING 
SIGNAL: The SYNC pin provides 
a signal to indicate the beginning 
of each machine 
cycle. 


DBIN 
0 
DATA BUS IN: The DBIN signal indicates 
to external circuits that the data bus is in the 
input mode. This signal should be used to enable the gating of data onto the 8080A data 
bus from memory or 1/0. 


READY 
I 
READY: The READY signal indicates 
to the 8080A that valid memory or input data is 
available 
on the 8080A data bus. This signal is used to synchronize 
the CPU with slower 
memory or 1/0 devices. 
If after sending an address out the 8080A does not receive a 
READY input, the 8080A will enter a WAIT state for as long as the READY line is low. 
READY can also be used to single step the CPU. 


WAIT 
0 
WAIT: The WAIT signal acknowledges 
that the CPU is in a WAIT state. 


WR 
0 
WRITE: The WR signal is used for memory WRITE or 110 output control. 
The data on 
the data bus is stable while the WR signal is active low (WR = 0). 


HOLD 
I 
HOLD: The HOLD signal requests the CPU to enter the HOLD state. The HOLD state 
allows an external device to gain control 
of the 8080A address and data bus as soon as 
the 8080A has completed 
its use of these busses for the current machine 
cycle. It is 
recognized 
under the following 
conditions: 
• the CPU is in the HALT state. 
• the CPU is in the T2 or TW state and the READY signal is active. As a result of 
entering 
the HOLD state the CPU ADDRESS 
BUS (A1S-AO) and DATA BUS (Dr 
Do) 
will be in their high impedance 
state. The CPU acknowledges 
its state with the HOLD 
ACKNOWLEDGE 
(HLDA) pin. 


HLDA 
0 
HOLD ACKNOWLEDGE: 
The HLDA signal appears 
in response 
to the HOLD signal and 
indicates 
that the data and address 
bus will go to the high impedance 
state. The HLDA 
signal begins at: 
• T3 for READ memory or input. 
• The Clock Period following 
T3 for WRITE memory or OUTPUT operation. 
In either case, the HLDA signal appears 
after the rising edge of 4>2. 


INTE 
0 
INTERRUPT 
ENABLE: 
Indicates 
the content 
of the internal interrupt 
enable flip/flop. 


This f1iplflop 
may be set or reset by the Enable and Disable Interrupt 
instructions 
and 
inhibits interrupts 
from being accepted 
by the CPU when it is reset. It is automatically 
reset (disabling 
further interrupts) 
at time T1 of the instruction 
fetch cycle (M1) when an 
interrupt 
is accepted 
and is also reset by the RESET signal. 


INT 
I 
INTERRUPT 
REQUEST: 
The CPU recognizes 
an interrupt 
request on this line at the end 
of the current instruction 
or while halted. If the CPU is in the HOLD state or if the 
Interrupt 
Enable f1iplflop 
is reset it will not honor the request. 


RESET1 
I 
RESET: While the RESET signal is activated, 
the content 
of the program 
counter 
is 
cleared. After RESET, the program will start at location 
0 in memory. The INTE and 
HLDA f1iplflops 
are also reset. Note that the flags, accumulator, 
stack pointer, 
and 
registers 
are not cleared. 


Vss 
GROUND: 
Reference. 


Voo 
POWER: 
+ 12 ±5% 
V. 


Vcc 
POWER: 
+5 
±5% 
V. 


Vss 
POWER: 
-5 
±5% 
V. 


</>1.4>2 
CLOCK PHASES: 2 externally 
supplied 
clock phases. (non TTL compatible) 


NOTE: 
1. The RESET 
signal 
must be active 
for a minimum 
of 3 clock 
cycles. 


24-3 


inter 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Temperature 
Under Bias 
O·C to + 70·C 


Storage 
Temperature 
- 65·C to + 150·C 


All Input or Output 
Voltages 
withRespecttoVBB 
-0.3Vto 
+20V 


Vcc, 
Voo and Vss 
withRespecttoVBB 
-0.3Vto 
+20V 


Power Dissipation 
1.5W 


D.C. CHARACTERISTICS 
TA = 0·Ct070·C, 
Voo = 
+12V 
±5%, 
Vcc = +5V 
±5%, 
VBB = -5V 
±5%, 
Vss = OV; unless otherwise 


noted 


Symbol 
Parameter 
, 
Mln 
Typ 
Max 
Unit 
Test Condition 


VILC 
Clock Input Low Voltage 
Vss 
- 
1 
Vss 
+ 0.8 
V 
'. 


VIHC 
Clock Input High Voltage 
9.0 
Voo 
+ 1 
V 
, 


VIL 
Input Low Voltage 
Vss 
- 
1 
Vss 
+ 0.8 
V 


~i 
,. 
, 
, 


VIH 
Input High Voltage 
3.3 
VCC + 1 
V 


VOL 
Output Low Voltage 
0.45 
V 
} 
IOL = 1.9 mA on All Outputs, 


VOH 
Output High Voltage 
3.7 
V 
IOH = -150/LA. 


100 (AV) Avg. Power Supply Current (Voo) 
40 
70 
mA 


ICC(AV) 
Avg. Power Supply Current (Vcc) 
60 
80 
mA 
) Ope,a'" 


IBB(AV) 
Avg. Power Supply Current (VBB) 
0.01 
1 
mA 
TCY = 0.48/Ls 


IlL 
Input Leakage 
. 
±10 
/LA 
Vss 
,,; VIN ,,; VCC 


ICL 
Clock Leakage 
±10 
/LA 
Vss 
,,; VCLOCK ,,; Voo 


IOL 
Data Bus Leakage 
in Input Mode 
-100 
/LA 
Vss 
,,; VIN ,,; Vss 
+ 0.8V 
-2.0 
mA 
Vss 
+ 0.8V ,,; VIN ,,; Vcc 


IFL 
Address 
and Data Bus Leakage 
+10 
/LA 
VAOOR/OATA = VCC 
During HOLD 
-100 
VAOOR/OATA = Vss 
+ 0.45V 


CAPACITANCE 
TA = 25·C, Vcc = Voo = Vss = OV, VBB = 
-5V 


Symbol 
Parameter 
Typ 
Max 
Unit 
Test Condition 


C<j> 
Clock 
17 
25 
pF 
fo = 1 MHz 
Capacitance 


CIN 
Input 
6 
10 
pF 
Unmeasured 
Pins 
Capacitance 


COUT 
Output 
10 
20 
pF 
Returned 
to Vss 
Capacitance 


Typical 
Supply Current 
vs 
Temperature, 
Normalized 
~I Supply/~TA 
= -O.45%rC 


intJ 


A.C. CHARACTERISTICS 
(8080A) 
TA = O"Ct070·C, 
voo = +12V 
±5%, 
vcc 
= +5V 
±5%, 
VBB = - 5V ± 5%, VSS = OV; unless otherwise 
noted 


Symbol 
Parameter 
-1 
-1 
-2 
-2 Unit Test Condition 
Mln 
Max 
Mln 
Max 
Mln 
Max 


tCy(3) 
Clock Period 
f' 
0.48 
2.0 
0.32 
2.0 
0.38 
2.0 
tJos 


tr• tf 
Clock Rise and Fall Time 
0 
50 
0 
25 
0 
50 
ns 


tcl>1 
Icl>1Pulse Width 
60 
50 
60 
ns 


tcl>2 
Icl>2Pulse Width 
220 
145 
175 
ns 


t01 
Delay <1>1to <1>2 
0 
0 
0 
ns 


t02 
Delay <1>1to <1>2 
\ 
70 
60 
70 
ns 


t03 
Delay <1>1to <1>2Leading Edges 
80 
60 
70 
ns 


tOA 
Address 
Output Delay From <1>2 
200 
150 
175 
ns 
CL = 100 pF 


too 
Data Output Delay From <1>2 
200 
180 
200 
ns 


toc 
Signal Output Delay From <1>1or <1>2 
120 
110 
120 
ns 
CL = 50 pF 
(SYNC, WR, WAIT. HLDA) 


tOF 
DBIN Delay From <1>2 
25 
140 
25 
130 
25 
140 
ns 


tOl(1) 
Delay for Input Bus to Enter Input Mode 
tOF 
tOF 
tOF 
ns 


tOS1 
Data Setup Time During <1>1and DBIN 
30 
10 
20 
ns 


tOS2 
Data Setup Time to <1>2During DBIN 
150 
120 
130 
ns 


tOH(1) 
Data Hold Time From <1>2and DBIN 
(1) 
(1) 
(1) 
ns 


tiE 
INTE Output Delay From <1>2 
200 
200 
200 
ns 
CL = 50 pF 


tRS 
READY Setup Time During <1>2 
120 
90 
90 
ns 


tHS 
HOLD Setup Time During <1>2 
140 
120 
120 
ns 


tiS 
INT Setup Time During <1>2 
120 
100 
100 
ns 


tH 
Hold Time From <1>2(READY. 
INT. HOLD) 
0 
0 
0 
ns 


tFD 
Delay to Float During Hold 
120 
120 
120 
ns 
(Address 
and Data Bus) 


tAW 
Address 
Stable Prior to WR 
(5) 
(5) 
(5) 
ns 


tow 
Output Data Stable Prior to WR 
(6) 
(6) 
(6) 
ns 


two 
Output Data Stable From WR 
(7) 
(7) 
(7) 
ns 


tWA 
Address 
Stable From WR 
(7) 
(7) 
(7) 
ns 


tHF 
HLDA to Float Delay 
(8) 
(8) 
(8) 
ns 


tWF 
WR to Float Delay 
(9) 
(9) 
(9) 
ns 


tAH 
Address 
Hold Time After DBIN During HLDA 
-20 
-20 
-20 
ns 


DEVICE 
UNDER 
TEST 
IC,.1OOPF 


NOTE: 
Timing 
measurements 
are made 
at the following 
reference 
voltages: 
CLOCK 
"1" 
= B.OV, "0" 


"0" 
= O.BV 


-~:::=t----- 


NOTES: 


(Parenthesis 
gives 
- 
1. 
- 
2 
specifications. 
respec- 
tively.) 
1. Data 
Input 
should 
be 
enabled 
""Ith 
CBIN 
status. 


No bus conflict 
can then 
occur 
and data. hold 
time 


Is assured. 
tOH - 
50 na or tOF. _hlchever 
Ie leas. 
:e:'C~a ("~1f~320 ~:~...:t"" 
2~'5~o+nt~t.2-+- 
t02 
-+- 
trq.1 ~ 


3. 
The 
following 
are 
relevant 
W'hen 
Interlacing 
the 


eOaOA to 
devices 
having 
VIH 
- 
3.3V: 


a) Maximum 
output 
rlae time 
from 
O.BV to 3.3V 
- 


100 
na 
CZDCL. - 
SPEC. 
b) Output 
delay 
when 
measured 
to 3.0V 
- 
SPEC 
+60 
na 
<IPCL 
- 
SPEC. 


c) 
If CL 
- 
SPEC. 
add 
0.6 
na/pF 
If CL > 
CSPEC. 


subtract 
0.3 na/pF 
(from 
modified 
delay) 
If C'- 
-< 


CSPEC· 
4. tAW - 
2 tev 
- 
t03 
- 
t"~2 
- 
140 na (-1:110 
ne. 
- 
2:130 
ns). 


~ 
tg'f7;' 
n~: 
- 
t03 
- 
tr<P2 - 
170 
"8 
(- 
1:150 
neo 


e. If not HLDA. 
t\NO - 
tVVA 
- 
t03 
-+- 
tr~2 
-+- 
10 na. 


If HLDA. two - 
tWA 
- 
tWF. 


7. tHF 
- 
t03 
-+- 
t"4>2 - 
50 ne. 
B. tWF 
- 
t03 
-+- 
t"4>2 - 
10 na. 


Q. 
Data 
In 
must 
be 
stable 
for 
this 
period 
during 


DBIN 
Ta. Both 
tOS1 and tOS2 must 
be a.tlafled. 


10. Ready 
signal 
must 
be stable 
for 
this 
period 
dur- 


Ing T2 or Tw. 
(Must 
be externally 
synchronized.) 
11. Hold 
signal 
must 
be stable 
for this 
period 
during 


T2 or Tvv \Nhen entering 
hold 
mode, 
and 
during 
Ta. 
T•••.•Ts and 
TWH \Nhen In hold 
mode. 
(External 
syn- 


chronization 
Is not required.) 
12. Interrupt 
signal 
must 
be stable 
during 
this 
peri- 


od of the 
laat clock 
cycle 
of any 
Instruction 
in order 
to 
be 
recognized 
on 
the 
foUo\Nlng instruction. 
(Ex- 


ternal 
synchronization 
Is not required.) 
13. Thla 
timing 
diagram 
sho\NS timing 
relationships 


only; 
It does 
not represent 
any 
specific 
machine 
cy- 


cle. 


inter 


The accumulator 
group instructions 
include 
arithme- 
tic and logical operators 
with direct, indirect, 
and im- 
mediate 
addressing 
modes. 


Move, load, and store instruction 
groups provide 
the 
ability 
to move 
either 
a or 16 bits of data between 
memory, the six working 
registers 
and the accumula- 
tor using direct, 
indirect, 
and immediate 
addressing 
modes. 


The ability to branch to different 
portions 
of the pro- 
gram 
is provided 
with jump, 
jump 
conditional, 
and 
computed 
jumps. Also the ability to call to and return 
from 
subroutines 
is provided 
both conditionally 
and 
unconditionally. 
The 
RESTART 
(or single 
byte call 
instruction) 
is useful for interrupt 
vector 
operation. 


Double 
precision 
operators 
such as stack manipula- 
tion 
and 
double 
add 
instructions 
extend 
both 
the 
arithmetic 
and 
interrupt 
handling 
capability 
of the 


aoaoA. 
The 
ability 
to 
increment 
and 
decrement 
memory, 
the six general 
registers 
and the accumula- 
tor is provided 
as well as extended 
increment 
and 
decrement 
instructions 
to operate 
on the 
register 
pairs and stack pointer. 
Further 
capability 
is provid- 
ed by the ability to rotate the accumulator 
left or right 
through 
or around the carry bit. 


Input and output may be accomplished 
using memo- 
ry addresses 
as I/O ports or the directly 
addressed 
I/O provided 
for in the aOaOA instruction 
set. 


The 
following 
special 
instruction 
group 
completes 
the 
aOaOA 
instruction 
set: 
the 
NOP 
instruction, 
HALT to stop processor 
execution 
and the OAA in- 
structions 
provide decimal 
arithmetic 
capability. 
STC 
allows the carry flag to be directly 
set, and the CMC 
instruction 
allows it to be complemented. 
CMA com- 
plements 
the 
contents 
of 
the 
accumulator 
and 
XCHG exchanges 
the contents 
of two 16-bit register 
pairs directly. 


Data in the aoaOA is stored in the form of a-bit binary integers. 
All data transfers 
to they system 
data bus will 
be in the same format. 
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DATA WORD 


The program 
instructions 
may be one, two, or three bytes in length. Multiple byte instructions 
must be stored in 
successive 
words in program 
memory. The instruction 
formats 
then depend on the particular 
operation 
execut- 
ed. 


One Byte Instructions 
TYPICAL 
INSTRUCTIONS 


107 06 05 04 03 02 01 Dol 
OP CODE 
Register to register, 
memory reference, 
arithmetic 
or logical, rotate, return, push, 
pop, enable or disable 
Interrupt 
instructions 


Two Byte Instructions 
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Three Byte Instructions 
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Jump, call or direct load and store 
instructions 
OPCOOE 


LOW ADDRESS 
OR OPERAND 
1 


HIGH ADDRESS 
OR OPERAND 
2 


Instruction 
Code (1) 
Operations 
Clock 
Mnemonic' 
Cyclel 
0-, Os Os 04 03 0201 
0 
Description 
(2) 


MOVE, LOAD, AND STORE 


MOVr1,r2 
o 
1 o DDS 
S 
S Move register to 
5 
register 
MOVM,r 
0 
1 
1 
1 
0 
S 
S 
S Move register to 
7 
memory 
MOVr,M 
0 
1 o 0 
0 
1 
1 o Move memory to 
7 
register 
MVlr 
0 
0 
0 
0 
0 
1 
1 o Move immediate 
7 
register 
MVIM 
0 
0 
1 
1 
0 
1 
1 o Move immediate 
10 
memory 
LXIB 
0 
0 
0 
0 
0 
0 
0 
1 Load immediate 
10 
register Pair B & C 
LXI 0 
0 
0 
0 
1 
0 
0 
0 
1 Load immediate 
10 
register Pair 0 & E 
LXIH 
0 
0 
1 
0 
0 
0 
0 
1 Load immediate 
10 
register Pair H & L 
STAX B 
0 
0 
0 
0 
0 
0 
1 o Store A indirect 
7 
STAX 0 
0 
0 
0 
1 
0 
0 
1 o Store A indirect 
7 
LDAXB 
0 
0 
0 
0 
1 
0 
1 o Load A indirect 
7 
LDAXO 
0 
0 
0 
1 
1 
0 
1 o Load A indirect 
7 
STA 
0 
0 
1 
1 
0 
0 
1 o Store A direct 
13 
LOA 
0 
0 
1 
1 
1 
0 
1 o Load A direct 
13 
SHLO 
0 
0 
1 
0 
0 
0 
1 o Store H & L direct 
16 
LHLD 
0 
0 
1 
0 
1 
0 
1 o Load H & L direct 
16 
XCHG 
1 
1 
1 
0 
1 
0 
1 
1 Exchange 0 & E, 
4 
H & L Registers 


STACKOPS 


PUSH B 
1 
1 
0 
0 
0 
1 
0 
1 Push register Pair 
11 
B & C on stack 
PUSH 0 
1 
1 
0 
1 
0 
1 
0 
1 Push register Pair 
11 
0& 
E on stack 
PUSHH 
1 
1 
1 
0 
0 
1 
0 
1 Push register Pair 
11 
H & L on stack 
PUSH 
1 
1 
1 
1 
0 
1 
0 
1 Push A and Flags 
11 
PSW 
on stack 
POPB 
1 
1 
0 
0 
0 
0 
0 
1 Pop register Pair B 
10 
& C oft stack 
POP 0 
1 
1 
0 
1 
0 
0 
0 
1 Pop register Pair 0 
10 
&Eoftstack 
POPH 
1 
1 
1 
0 
0 
0 
0 
1 Pop register Pair H 
10 
& Loft stack 
POPPSW 
1 
1 
1 
1 
0 
0 
0 
1 Pop A and Flags 
10 
oft stack 
XTHL 
1 
1 
1 
0 
0 
0 
1 
1 Exchange top of 
18 
stack, H & L 
SPHL 
1 
1 
1 
1 
1 
0 
0 
1 H & L10 stack 
5 
pointer 
LXISP 
0 
0 
1 
1 
0 
0 
0 
1 Load immediate 
10 
stack pointer 
INXSP 
0 
0 
1 
1 
0 
0 
1 
1 Increment stack 
5 
pointer 
OCXSP 
0 
0 
1 
1 
1 
0 
1 
1 Decrement stack 
5 
pointer 


JUMP 


JMP 
1 
1 
0 
0 
0 
0 
1 
1 Jump 
10 
unconditional 
JC 
1 
1 
0 
1 
1 
0 
1 o Jump on carry 
10 
JNC 
1 
1 
0 
1 
0 
0 
1 o Jump on no carry 
10 
JZ 
1 
1 
0 
0 
1 
0 
1 o Jump on zero 
10 
JNZ 
1 
1 
0 
0 
0 
0 
1 o Jump on no zero 
10 
JP 
1 
1 
1 
1 
0 
0 
1 o Jump on positive 
10 


Instruction 
Code (1) 
Operations 
Clock 
Mnemonic' 
Cyclel 
o706oSo4o302o1o~ 
Description 
(2) 


JM 
1 
1 
1 
1 
1 
0 
1 o ~ump on minus 
10 
JPE 
1 
1 
1 
0 
1 
0 
1 o Jump on parity 
10 
even 
JPO 
1 
1 
1 
0 
0 
0 
1 o Jump on parity odd 
10 
PCHL 
1 
1 
1 
0 
1 
0 
0 
1 H & L to program 
5 
counter 


CALL 


CALL 
1 
1 
0 
0 
1 
1 
0 
1 Call unconditional 
17 
CC 
1 
1 
0 
1 
1 
1 
0 o Call on carry 
11/17 
CNC 
1 
1 
0 
1 
0 
1 
0 o Call on no carry 
11/17 
CZ 
1 
1 
0 
0 
1 
1 
0 o Call on zero 
11/17 
CNZ 
1 
1 
0 
0 
0 
1 
0 o Call on no zero 
11/17 
CP 
1 
1 
1 
1 
0 
1 
0 o Call on positive 
11/17 
CM 
1 
1 
1 
1 
1 
1 
0 o Call on minus 
11/17 
CPE 
1 
1 
1 
0 
1 
1 
0 o Call on parity even 
11/17 
CPO 
1 
1 
1 
0 
0 
1 
0 o Call on parity odd 
11/17 


RETURN 


RET 
1 
1 
0 
0 
1 
0 
0 
1 Return 
10 
RC 
1 
1 
0 
1 
1 
0 
0 o Return on carry 
5/11 
RNC 
1 
1 
0 
1 
0 
0 
0 o Return on no carry 
5/11 
RZ 
1 
1 
0 
0 
1 
0 
0 o Return on zero 
5/11 
RNZ 
1 
1 
0 
0 
0 
0 
0 o Return on no zero 
5/11 
RP 
1 
1 
1 
1 
0 
0 
0 o Return on positive 
5/11 
RM 
1 
1 
1 
1 
1 
0 
0 o Return on minus 
5/11 
RPE 
1 
1 
1 
0 
0 
0 
0 o Return on parity 
5/11 
even 
RPO 
1 
1 
1 
0 
0 
0 
0 o Return on parity 
5/11 
odd 


RESTART 


RST 
11 
1 A 
A 
A 
1 
1 
1 Restart 
I 
11 


INCREMENT AND DECREMENT 


INRr 
o 
ODD 
0 
1 
0 o Increment register 
5 
DCRr 
o 
0 
ODD 
1 
0 
1 Decrement register 
5 
INRM 
001 
1 o 
1 
0 o Increment memory 
10 
DCRM 
001 
1 o 
1 
0 
1 Decrement memor) 
10 
INXB 
000 
000 
1 
1 Increment B & C 
5 
registers 
INXO 
0 
0 
0 
1 
0 
0 
1 
1 Increment 0 & E 
5 
registers 
INXH 
0 
0 
1 
0 
0 
0 
1 
1 Increment H & L 
5 
registers 
OCXB 
0 
0 
0 
0 
1 
0 
1 
1 Decrement B & C 
5 
OCXO 
0 
0 
0 
1 
1 
0 
1 
1 Decrement 0 & E 
5 
OCXH 
0 
0 
1 
0 
1 
0 
1 
1 Decrement H & L 
5 


ADD 


AOOr 
1 
0 
0 
0 
0 
S 
S 
S Add register to A 
4 
AOCr 
1 
0 
0 
0 
1 S 
S 
S Add register to A 
4 
with carry 
AOOM 
1 
0 
0 
0 
0 
1 
1 o Add memory to A 
7 
ADCM 
1 
0 
0 
0 
1 
1 
1 o Add memory to A 
7 
with carry 
AOI 
1 
1 
0 
0 
0 
1 
1 o iAdd immediate to A 
7 
ACI 
1 
1 
0 
0 
1 
1 
1 o Add immediate to A 
7 
with carry 
OAOB 
0 
0 
0 
0 
1 
0 
0 
1 AddB&CtoH&L 
10 
DADO 
0 
0 
0 
1 
1 
0 
0 
1 AddO&EtoH&L 
10 
OAOH 
0 
0 
1 
0 
1 
0 
0 
1 AddH&L1oH&L 
10 
OAOSP 
0 
0 
1 
1 
1 
0 
0 
1 Add stack pointer 
10 
toH&L 


Instruction 
Code (1) 
Operations 
Clock 
IIInemonlc' 
Cycle. 
07 D. Os 04 03 02 01 Do 
Description 
(2) 


SUBTRACT 


SUBr 
1 
0 
0 
1 
0 
S 
S 
S Subtract register 
4 
from A 
SBBr 
1 
0 
0 
1 
1 
S 
S 
S Subtract register 
4 
from A with borrow 
SUBM 
1 
0 
0 
1 
0 
1 
1 o Subtract memory 
7 
from A 
SBBM 
1 
0 
0 
1 
1 
1 
1 o Subtract memory 
7 
from A with borrow 
SUI 
1 
1 
0 
1 
0 
1 
1 o Subtract 
7 
immediate from A 
SBI 
1 
1 
0 
1 
1 
1 
1 o Subtract 
7 
immediate from A 
with borrow 


LOGICAL 


ANAr 
1 
0 
1 
0 
0 
S 
S 
S And register 
4 
with A 
XRAr 
1 
0 
1 
0 
1 
S 
S 
S Exclusive or 
4 
register with A 
ORAr 
1 
0 
1 
1 
0 
S 
S 
S Or register with A 
4 
CMPr 
1 
0 
1 
1 
1 
S 
S 
S Compare register 
4 
with A 
ANAM 
1 
0 
1 
0 
0 
1 
1 o And memory 
7 
with A 
XRAM 
1 
0 
1 
0 
1 
1 
1 o Exclusive Or 
7 
memory with A 
DRAM 
1 
0 
1 
1 
0 
1 
1 o Or memory with A 
7 
CMPM 
1 
0 
1 
1 
1 
1 
1 o Compare memory 
7 
with A 
ANI 
1 
1 
1 
0 
0 
1 
1 o And immediate 
7 
with A 
XRI 
1 
1 
1 
0 
1 
1 
1 o Exclusive Or 
7 
immediate with A 
ORI 
1 
1 
1 
1 
0 
1 
1 o Or immediate 
7 
with A 
CPI 
1 
1 
1 
1 
1 
1 
1 o Compare 
7 
immediate with A 


nemonlc' 
Instruction 
Code (1) 
Clock 
Cycle 
07 D. Os 04 03 02 010 
(2) 


ROTATE 


RLC 
0 
0 
0 
0 
0 
Rotate A left 
4 
RRC 
0 
0 
0 
0 
1 
Rotate A right 
4 
RAL 
0 
0 
0 
1 
0 
Rotate A left 
4 
through carry 
RAR 
0 
0 
0 
Rotate A right 
4 
through carry 


SPECIALS 


CMA 
0 
0 
0 
1 
Complement A 
4 
STC 
0 
0 
1 
0 
Set carry 
4 
CMC 
0 
0 
1 
1 
Complement carry 
4 
DM 
o 
0 
0 
0 
Decimal adjust A 
4 


INPUT/OUTPUT 


IN 
1 
1 
0 
1 
0 
Input 
10 
OUT 
1 
1 
0 
0 
0 
Output 
10 


CONTROL 


EI 
1 
1 
1 
1 
1 
0 
1 
1 Enable Interrupts 
4 
DI 
1 
1 
1 
1 
0 
0 
1 
1 Disable Interrupt 
4 
NOP 
0 
0 
0 
0 
0 
0 
0 o No-operation 
4 
HLT 
0 
1 
1 
1 
0 
1 
1 o Halt 
7 


NOTES: 
1. DDD or SSS: B = 000, C = 001, 
D = 010, E = 011, H = 100, L = 101, Memory 
= 110. A = 111. 


2. Two possible 
cycle 
times 
(6/12) 
indicate 
instruction 
cycles 
dependent 
on condition 
flags . 
•All mnemonics 
copyright 
@ Intel Corporation 
1977 


inter 
8085AH/8085AH-2/8085AH-1. 


8-BIT HMOS MICROPROCESSORS 
• Single + 5V Power Supply with 10% 
• On-Chip System Controller; 
Advanced 
Voltage Margins 
Cycle Status Information 
Available for 
• 3 MHz, 5 MHz and 6 MHz Selections 
Large System Control 


Available 
• Four Vectored Interrupt 
Inputs (One Is 
• 20% Lower Power Consumption 
than 
Non-Maskable) Plus an 8080A- 


8085A for 3 MHz and 5 MHz 
Compatible Interrupt 
• 1.3 J.tsInstruction 
Cycle (8085AH); 0.8 
• Serial In/Serial Out Port 


J.ts(8085AH-2); 0.67 J.ts(8085AH-1) 
• Decimal, Binary and Double Precision 
• 100% Software Compatible with 8080A 
Arithmetic 
• On-Chip Clock Generator (with External 
• Direct Addressing 
Capability to 64K 


Crystal, LC or RC Network) 
Bytes of Memory 
• Available In 40-Lead Cerdlp and Plastic 
Packages 
(See Packaging Spec., Order #231369) 


The 
Intel 
8085AH 
is a complete 
8-bit 
parallel 
Central 
Processing 
Unit 
(CPU) 
implemented 
in N-channel, 


depletion 
load. 
silicon 
gate technology 
(HMOS). 
Its instruction 
set is 100% 
software 
compatible 
with 
the 
8080A 
microprocessor, 
and it is designed 
to improve 
the present 
8080A's 
performance 
by higher 
system 
speed. 
Its high level of system 
integration 
allows 
a minimum 
system 
of three 
IC's 
[8085AH 
(CPU), 8156H 
(RAM/IO) 
and 
8755A 
(EPROM/IO)] 
while 
maintaining 
total 
system 
expandability. 
The 
8085AH-2 
and 
8085AH-1 
are faster versions 
of the 8085AH. 


The 8085AH 
incorporates 
all of the features 
that the 8224 
(clock 
generator) 
and 8228 
(system 
controller) 
provided 
for the 8080A, 
thereby 
offering 
a higher level of system 
integration. 


The 8085AH 
uses a multiplexed 
data bus. The address 
is split between 
the 8-bit address 
bus and the 8-bit 
data bus. The on-chip 
address 
latches 
of 8155H/8156H/8755A 
memory 
products 
allow a direct interface 
with 
the 8085AH. 
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Symbol 
Type 
Name and Function 


Aa-A15 
0 
ADDRESS 
BUS: The most significant 
8 bits of memory address or the 8 bits of the 
I/O address, 
3-stated 
during Hold and Halt modes and during RESET. 


ADo-7 
I/O 
MULTIPLEXED 
ADDRESS/DATA 
BUS: Lower 8 bits of the memory address 
(or 
I/O address) 
appear on the bus during the first clock cycle (T state) of a machine 
cycle. It then becomes 
the data bus during the second and third clock cycles. 


ALE 
0 
ADDRESS 
LATCH ENABLE: 
It occurs during the first clock state of a machine 
cycle and enables the address to get latched into the on-chip 
latch of peripherals. 


The falling edge of ALE is set to guarantee 
setup and hold times for the address 
information. 
The falling edge of ALE can also be used to strobe the status 
information. 
ALE is never 3-stated. 


So, 51 and 10/M 
0 
MACHINE 
CYCLE STATUS: 


IO/M 
S1 
So 
Status 
0 
0 
1 
Memory write 
0 
1 
0 
Memory read 
1 
0 
1 
I/O write 
1 
1 
0 
I/O read 
0 
1 
1 
Opcode 
fetch 
1 
1 
1 
Interrupt Acknowledge 
• 
0 
0 
Halt 
· 
X 
X 
Hold 
• 
X 
X 
Reset 
• = 3-state (high impedance) 
X = unspecified 


51 can be used as an advanced 
R/IN status. 10/M, SOand S1 become valid at the 
beginning 
of a machine 
cycle and remain stable throughout 
the cycle. The falling 
edge of ALE may be used to latch the state of these lines. 


RD 
0 
READ CONTROL: 
A low level on RD indicates 
the selected 
memory or I/O device 
is to be read and that the Data Bus is available 
for the data transfer, 
3-stated 
during 
Hold and Halt modes and during RESET. 


WR 
0 
WROTE 
CONTROL: 
A low level on WR indicates 
the data on the Data Bus is to be 
written into the selected 
memory or I/O location. 
Data is set up at the trailing edge 
of WR. 3-stated 
during Hold and Halt modes and during RESET. 


READY 
I 
READY: If READY is high during a read or write cycle, it indicates 
that the memory 
or peripheral 
is ready to send or receive data. If READY is low, the CPU will wait an 
integral number of clock cycles for READY to go high before completing 
the read 
or write cycle. READY must conform 
to specified 
setup and hold times. 


HOLD 
I 
HOLD: Indicates 
that another 
master is requesting 
the use of the address 
and data 
buses. The CPU, upon receiving 
the hold request, will relinquish 
the use of the bus 
as soon as the completion 
of the current bus transfer. 
Internal processing 
can 
continue. 
The processor 
can regain the bus onl~fter 
the HOLD ~ removed. 
When 
the HOLD is acknowledged, 
the Address, 
Data RD, WR, and 10/M lines are 
3-stated. 


HLDA 
0 
HOLD ACKNOWLEDGE: 
Indicates 
that the CPU has received 
the HOLD request 
and that it will relinquish 
the bus in the next clock cycle. HILDA goes low after the 
Hold request is removed. 
The CPU takes the bus one half clock cycle after HLDA 
goes low. 


INTR 
I 
INTERRUPT 
REQUEST: 
Is used as a general purpose 
interrupt. 
It is sampled 
only 
during the next to the last clock cycle of an instruction 
and during Hold and Halt 
states. If it is active, the Program Counter (PC) will be inhibited 
from incrementing 
and an INTA will be issued. During this cycle a RESTART 
or CALL instruction 
can 
be inserted to jump to the interrupt 
service routine. The INTR is enabled 
and 
disabled 
by software. 
It is disabled 
by Reset and immediately 
after an interrupt 
is 
accepted. 


Symbol 
Type 
Name and Function 


INTA 
0 
INTERRUPT 
ACKNOWLEDGE: 
Is used instead of (and has the same timing as) 
RD during the Instruction 
cycle after an INTR is accepted. 
It can be used to 
activate 
an 8259A Interrupt 
chip or some other interrupt 
port. 


RST5.5 
I 
RESTART 
INTERRUPTS: 
These three inputs have the same timing as INTR 


RST6.5 
except they cause an internal 
RESTART 
to be automatically 
inserted. 


RST7.5 
The priority of these interrupt 
is ordered 
as shown in Table 2. These interrupts 
have 
a higher priority than INTR. In addition, 
they may be individually 
masked out using 
the SIM instruction. 


TRAP 
I 
TRAP: Trap interrupt 
is a non-maskable 
RESTART 
interrupt. 
It is recognized 
at the 
same time as INTR or RST 5.5-7.5. 
It is unaffected 
by any mask or Interrupt 
Enable. It has the highest priority of any interrupt. 
(See Table 2.) 


RESET IN 
I 
RESET IN: Sets the Program Counter to zero and resets the Interrupt 
Enable and 


< 


HlDA 
flip-flops. 
The data and address 
buses and the control 
lines are 3-stated 
during RESET and because 
of the asynchronous 
nature of RESET, the processor's 
internal registers 
and flags may be altered by RESET with unpredictable 
results. 
RESET IN is a Schmitt-triggered 
input, allowing connection 
to an R-C network 
for 
power-on 
RESET delay (see Figure 3). Upon power-up, 
RESET IN must remain low 
for at least 10 ms after minimum Vcc has been reached. 
For proper reset 
operation 
after the power-up 
duration, 
RESET IN should be kept Iowa 
minimum 
of 


three clock periods. The CPU is held in the reset condition 
as long as RESET IN is 
applied. 


RESET OUT 
0 
RESET OUT: Reset Out indicates 
CPU is being reset. Can be used as a system 
reset. The signal is synchronized 
to the processor 
clock and lasts an integral 
number of clock periods. 


Xl,X2 
I 
X1 and X2: Are connected 
to a crystal, 
lC, or RC network to drive the internal 
clock generator. 
Xl can also be an external clock input from a logic gate. The input 
frequency 
is divided by 2 to give the processor's 
internal operating 
frequency. 


ClK 
0 
CLOCK: 
Clock output for use as a system clock. The period of ClK 
is twice the Xl, 


X2 input period. 


SID 
I 
SERIAL 
INPUT DATA 
LINE: The data on this line is loaded into accumulator 
bit 7 


I•. 
whenever 
a RIM instruction 
is executed. 


SOD 
0 
SERIAL 
OUTPUT 
DATA 
LINE: The output SOD is set or reset as specified 
by the 
SIM instruction. 


Vcc 
POWER: + 5 volt supply. 


Vss 
GROUND: 
Reference. 


Name 
Priority 
Address 
Branched 
to(1) 
Type 
Trigger 
When 
Interrupt 
Occurs 


TRAP 
1 
24H 
Rising Edge AND High level 
until Sampled 


RST7.5 
2 
3CH 
Rising Edge (latched) 


RST6.5 
3 
34H 
High level 
until Sampled 


RST 5.5 
4 
2CH 
High level 
until Sampled 


INTR 
5 
(Note 2) 
High level 
until Sampled 


NOTES: 
1. The processor 
pushes 
the PC on the stack 
before 
branching 
to the indicated 
address. 


2. The address 
branched 
to depends 
on the instruction 
provided 
to the CPU when 
the interrupt 
is acknowledged. 
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(SID) and Serial Output Data (SOD) lines for simple 


RESET IN 
serial interface. 


Typical 
Power-On 
Reset 
RC Values' 
R1 ~ 
75 KO 
Cj = 1 "F 
'Values 
May Have 
to Vary 
Due to Applied 
Power 
Supply 
Ramp 
Up Time. 


The 8085AH is a complete 8-bit parallel central 
processor. It is designed with N-channel, depletion 
load, silicon gate technology (HMOS), and requires 
a single + 5V supply. Its basic clock speed is 3 MHz 
(8085AH), 5 MHz (8085AH-2), or 6 MHz (8085-AH-1), 
thus improving on the present 8080A's performance 
with higher system speed. Also it is designed to fit 
into a minimum system of three IC's: The CPU 
(8085AH), a RAM/IO (8156H), and an EPROM/IO 
chip (8755A). 


The 8085AH has twelve addressable 8-bit registers. 
Four of them can function only as two 16-bit register 
pairs. Six others can be used interchangeably as 
8-bit 
registers 
or as 
16-bit register pairs. The 
8085AH register set is as follows: 
Mnemonic 
Register 
ACC or A 
Accumulator 
PC 
Program Counter 
BC, DE, HL General-Purpose 
Registers; data 
pointer (HL) 
SP 
Stack Pointer 
Flags or F 
Flag Register 


Contents 
8 Bits 
16-Bit Address 
8-Bitsx6 or 
16 Bits x 3 


16-Bit Address 
5 Flags (8-Bit Space) 


The 8085AH uses a multiplexed Data Bus. The ad- 
dress is split between the higher 8-bit Address Bus 
and the lower 8-bit Address/Data Bus. During the 
first T state (clock cycle) of a machine cycle the low 
order address is sent out on the Address/Data bus. 
These lower 8 bits may be latched externally by the 
Address Latch Enable signal (ALE). During the rest 
of the machine cycle the data bus is used for memo- 
ry or I/O data. 


The 8085AH provides RD, WR, So, Sl, and 10/M 
signals for bus control. An Interrupt Acknowledge 
signal (INTA) is also provided. HOLD and all Inter- 
rupts are synchronized with the processor's internal 
clock. The 8085AH also provides Serial Input Data 


In addition to these features, the 8085AH has three 
maskable, vector interrupt pins, one nonmaskable 
TRAP interrupt, and a bus vectored interrupt, INTR. 


The 8085AH has 5 interrupt inputs: INTR, RST 5.5, 
RST 6.5, RST 7.5, and TRAP. INTR is identical in 
function to the 8080A INT. Each of the three RE- 
START inputs, 5.5, 6.5, and 7.5, has a programma- 
ble mask. TRAP is also a RESTART interrupt but it is 
nonmaskable. 


The three maskable interrupt cause the internal exe- 
cution of RESTART (saVing the program counter in 
the stack and branching to the RESTART address) if 
the interrupts are enabled and if the interrupt mask 
is not set. The nonmaskable TRAP causes the inter- 
nal execution of a RESTART vector independent of 
the state of the interrupt enable or masks. (See Ta- 
ble 2.) 


There are two different types of inputs in the restart 
interrupts. RST 5.5 and RST 6.5 are high level-sensi- 
tive like INTR (and INT on the 8080) and are recog- 
nized with the same timing as INTR. RST 7.5 is rising 
edge-sensitive. 


For RST 7.5, only a pulse is required to set an inter- 
nal flip-flop which generates the internal interrupt re- 
quest (a normally high level signal with a low going 
pulse is recommended for highest system noise im- 
munity). The RST 7.5 request flip-flop remains set 
until the request is serviced. Then it is reset auto- 
matically. This flip-flop may also be reset by using 
the SIM instruction or by issuing a RESET IN to the 
8085AH. The RST 7.5 internal flip-flop will be set by 
a pulse on the RST 7.5 pin even when the RST 7.5 
interrupt is masked out. 


The status of the three RST interrupt masks can 
only 
be 
affected 
by 
the 
SIM 
instruction 
and 
RESET IN. (See SIM, Chapter 5 of the 8080/8085 
User's Manual.) 


The interrupts are arranged in a fixed priority that 
determines which interrupt is to be recognized if 
more than one is pending as follows: TRAP-high- 
est priority, RST 7.5, RST 6.5, RST 5.5, INTR-low- 
est priority. This priority scheme does not take into 
account the priority of a routine that was started by a 
higher priority interrupt. RST 5.5 can interrupt an 
RST 7.5 routine if the interrupts are re-enabled be- 
fore the end of the RST 7.5 routine. 


The TRAP interrupt is useful for catastrophic events 
such as power failure or bus error. The TRAP input is 
recognized just as any other interrupt but has the 


inter 


highest priority. It is not affected by any flag or mask. 
The TRAP input is both edge and level sensitive. 
The TRAP input must go high and remain high until it 
is acknowledged. It will not be recognized again until 
it goes low, then high again. This avoids any false 
triggering due to noise or logic glitches. Figure 4 il- 
lustrates the TRAP interrupt request circuitry within 
the 8085AH. Note that the servicing of any interrupt 
(TRAP, RST 7.5, RST 6.5, RST 5.5, INTR) disables 
all future interrupts (except TRAPs) until an EI in- 
struction is executed. 


EXTERNAL 
TRAP 
INTERRUPT 
REOUEST 


INTERNAL 
TRAP 
F.F 
TRAP 
ACKNOWLEDGE 


The TRAP interrupt is special in that it disables inter- 
rupts, but preserves the previous interrupt enable 
status. Performing the first RIM instruction following 
a TRAP interrupt allows you to determine whether 
interrupts were enabled or disabled prior to the 
TRAP. All subsequent RIM instructions provide cur- 
rent interrupt enable status. Performing a RIM in- 
struction following INTR, or RST 5.5-7.5 will provide 
current Interrupt Enable status, revealing that inter- 
rupts are disabled. See the description of the RIM 
instruction in the 8080/8085 Family User's Manual. 


The serial I/O system is also controlled by the RIM 
and SIM instruction. SID is read by RIM, and SIM 
sets the SOD data. 


DRIVING THE X1 AND X2 INPUTS 


You may drive the clock inputs of the 8085AH, 
8085AH-2, or 8085AH-1 with a crystal, an LC tuned 
circuit, an RC network, or an external clock source. 
The crystal frequency must be at least 1 MHz, and 
must be twice the desired internal clock frequency; 


hence, the 8085AH is operated with a 6 MHz crystal 
(for 3 MHz clock), the 8085AH-2 operated with a 10 
MHz crystal (for 5 MHz clock), and the 8085AH-1 
can be operated with a 12 MHz crystal (for 6 MHz 
clock). If a crystal is used, it must have the following 
characteristics: 


Parallel resonance at twice the clock frequency de- 
sired 
CL (load capacitance) ~ 30 pF 
Cs (Shunt capacitance) ~ 7 pF 
Rs (equivalent shunt resistance) ~ 750 
Drive level: 10 mW 
Frequency tolerance: ±0.005% (suggested) 


Note the use of the 20 pF capacitor between X2 and 
ground. This capacitor is required with crystal fre- 
quencies below 4 MHz to assure oscillator startup at 
the correct frequency. A parallel-resonant LC citcuit 
may be used as the frequency-determining network 
for the 8085AH, providing that its frequency toler- 
ance of approximately ± 10% is acceptable. The 
components are chosen from the formula: 


f = 
1 
21T~L(Cext + Cintl 


To minimiZe variations in frequency, it is recom- 
mended that you choose a value for Cext that is at 
least twice that of Cinl, or 30 pF. The use of an LC 
circuit is not recommended for frequencies higher 
than approximately 5 MHz. 


An RC circuit may be used as the frequency-deter- 
mining network for the 8085AH if maintaining a pre- 
cise clock frequency is of no importance. Variations 
in the on-chip timing generation can cause a wide 
variation in frequency when using the RC mode. Its 
advantage is its low component cost. The driving 
frequency generated by the circuit shown is approxi- 
mately 3 MHz. It is not recommended that frequen- 
cies greatly higher or lower than this be attempted. 


Figure 5 shows the recommended clock driver cir- 
cuits. Note in d and e that pullup resistors are re- 
quired to assure that the high level voltage of the 
input is at least 4V and maximum low level voltage 
of 0.8V. 


For driving frequencies up to and including 6 MHz 
you may supply the driving signal to X1 and leave X2 
open-circuited (Figure 5d). If the driving frequency is 
from 6 MHz to 12 MHz, stability of the clock genera- 
tor will be improved by driving both X1 and X2 with a 
push-pull source (Figure 5e). To prevent self-oscilla- 
tion of the 8085AH, be sure that X2 is not coupled 
back to X1 through the driving circuit. 


Xl 
IDI6AH 
---.., 
II 
I 
CINT 
..L -15pF 
-r- 
I 


2 
X2 
: 
___ 
...J 


'20 
pF capacitors required for 
crystal frequency,;; 4 MHz only. 
231718-5 
a. Quartz Crystal Clock Driver 


x,----, 
II 
C,NT 
..J.. -15pF 
T 
2 
I 
X2 
-l 


231718-6 
b. LC Tuned Circuit Clock Driver 


231718-8 
d. 1-6 MHz Input Frequency 
Clock Driver Circuit 


231718-9 
e. 1-12 MHz Input Frequency 
External Clock Driver Circuit 


c. RC Circuit Clock Driver 


Figure 5. Clock Driver Circuits 


GENERATING AN 8085AH WAIT 
As in the 8080, the READY line is used to extend the 
STATE 
read and write pulse lengths so that the 8085AH can 
be used with slow memory. HOLD causes the CPU 
to relinquish the bus when it is through with it by 
floating the Address and Data Buses. 
If your system requirements are such that slow 
memories or peripheral devices are being used, the 
circuit shown in Figure 6 may be used to insert one 
WAIT state in each 8085AH machine cycle. 


The D flip-flops should be chosen so that 
• CLK is rising edge-triggered 
• CLEAR is low-level active. 


CLEAR - 


ALEO 
___ 
ClK 
CUl OIITI'UT' 
- 
Cl K 


··0·· 
··0·· 


F/F 
0 
F/F 
+5V- 
0 
0 


TO- 
READY 
~"':'PUT 


231718-10 
'ALE and ClK (OUT) should be buffered jf ClK input of latch 
exceeds 8085AH IOl or IOH. 


Figure 6. Generation of a 
Walt State for 8085AH CPU 


The 8085AH family includes mem.ory components, 
which are directly compatible to the 8085AH CPU. 
For example, a system consisting of the three chips, 
8085AH, 8156H and 8755A will have the following 
features: 
• 2K Bytes EPROM 


• 256 Bytes RAM 
• 1 Timer/Counter 
• 4 8-bit I/O Ports 
• 1 6-bit I/O Port 
• 4 Interrupt Levels 


• Serial In/Serial Out Ports 


This minimum system, using the standard I/O tech- 
nique is as shown in Figure 7. 
shows the system configuration of Memory Mapped 
I/O using 8085AH. 


The 8085AH CPU can also interface with the stan- 
dard memory that does not have the multiplexed ad- 
dress/data bus. It will require a simple 8-bit latch as 
shown in Figure 9. 


In addition to the standard I/O, the memory mapped 
I/O offers an efficient I/O addressing technique. 
With this technique, an area of memory address 
space is assigned for I/O address, thereby, using 
the memory address for I/O manipulation. Figure 8 
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RESET 
IN 
HOLD 
- 


HLDA 


SOD 
510_ 
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R~~~T 
So 


ROY CLK 


101M (CSI 


WR 


RD 


RESET 


101M ICS) 


WR 


RD 


DATA 


STANDARD 
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The 8085AH has a multiplexed Data Bus. ALE is 
used as a strobe to sample the lower 8-bits of ad- 
dress on the Data Bus. Figure 10 shows an instruc- 
tion fetch, memory read and 1/0 
write cycle (as 
would occur during processing of the OUT instruc- 
tion). Note that during the I/O write and read cycle 
that the 1/0 port address is copied on both the up- 
per and lower half of the address. 


There are seven possible types of machine cycles. 
Which of these seven takes place is defined by the 
status of the three status lines (101M, S1, So) and 


the three control signals (RD, WR, and INTA). (See 
Table 3.) The status lines can be used as advanced 
controls (for device selection, for example), since 
they become active at the T1 state, at the outset of 
each machine cycle. Control lines RD and WR be- 
come active later, at the time when the transfer of 
data is to take place, so are used as command lines. 


A machine cycle normally consists of three T states, 
with the exception of OPCODE FETCH, which nor- 
mally has either four or six T states (unless WAIT or 
HOLD states are forced by the receipt of READY or 
HOLD inputs). Any T state must be one of ten possi- 
ble states, shown in Table 4. 


Machine Cycle 
Status 
Control 


101M 
51 
SO 
RD 
WR 
INTA 


OPCODE FETCH 
(OF) 
0 
1 
1 
0 
1 
1 


MEMORY READ 
(MR) 
0 
1 
0 
0 
1 
1 


MEMORY WRITE 
(MW) 
0 
0 
1 
1 
0 
1 


1/0 READ 
(lOR) 
1 
1 
0 
0 
1 
1 


1/0 WRITE 
(lOW) 
1 
0 
1 
1 
0 
1 


ACKNOWLEDGE 
OF INTR 
(INA) 
1 
1 
1 
1 
1 
0 


BUS IDLE 
(BI): 
DAD 
0 
1 
0 
1 
1 
1 
ACK.OF 
RST,TRAP 
1 
1 
1 
1 
1 
1 
HALT 
TS 
0 
0 
TS 
TS 
1 


Machine 
Status & Buses 
Control 
State 
51,50 
101M 
Ae-A15 
ADo-AD7 
RD,WR 
INTA 
ALE 


T1 
X 
X 
X 
X 
1 
1 
l' 


T2 
X 
X 
X 
X 
X 
X 
0 


TWAIT 
X 
X 
X 
X 
X 
X 
0 


T3 
X 
X 
X 
X 
X 
X 
0 


T4 
1 
ot 
X 
TS 
1 
1 
0 


Ts 
1 
ot 
X 
TS 
1 
1 
0 


Ts 
1 
ot 
X 
TS 
1 
1 
0 


TRESET 
X 
TS 
TS 
TS 
TS 
1 
0 


THALT 
0 
TS 
TS 
TS 
TS 
1 
0 


THOLD 
X 
TS 
TS 
TS 
TS 
1 
0 


o = Logic "0" 
T5 = High Impedance 
1 = Logic "1" 
X = Unspecified 
•ALE not generated during 2nd and 3rd machine cycles of DAD instruction. 
tlO/M = 1 during T4-T6 of INA machine cycle. 


inter 


M, 
M2 
M, 


CLK 
T, 


As-A,. 
PCH (HIGH ORDER ADDRESS) 
(PC + lIH 


ADO_7 


ALE 


R5 


WR 


lo/M 


STATUS 
S,So 
(FETCH) 
10 (READI 
01 WRITE 
11 


231718-14 


Figure 10. 8085AH 
Basic System Timing 
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ABSOLUTE 
MAXIMUM 
RATINGS· 
Ambient 
Temperature 
under Bias 
O°C to 70°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage 
on Any Pin 
with Respect 
to Ground 
- 0.5V to + 7V 


Power Dissipation 
1.5W 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


D.C. CHARACTERISTICS 
8085AH, 
8085AH-2: 
TA = O°C to 70°C, Vcc = 5V ± 10%, Vss = OV; unless otherwise 
specified· 


8085AH-1: 
TA = O°C to 70°C, Vcc = 5V ±5%, 
VSS = OV; unless otherwise 
specified· 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


Vll 
Input low 
Voltage 
-0.5 
+0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc 
+0.5 
V 


VOL 
Output low 
Voltage 
0.45 
V 
IOl = 2mA 


VOH 
Output High Voltage 
2.4 
V 
IOH = -400 
p..A 


Icc 
Power Supply Current 
135 
mA 
8085AH, 
8085AH-2 


200 
mA 
8085AH-1 


III 
Input leakage 
±10 
p..A 
0:;;; VIN :;;;Vcc 


ILO 
Output leakage 
±10 
p..A 
0.45V :;;;VOUT :;;;Vcc 


VllR 
Input low 
level, 
RESET 
-0.5 
+0.8 
V 


VIHR 
Input High level, 
RESET 
2.4 
Vcc 
+ 0.5 
V 


VHY 
Hysteresis, 
RESET 
0.15 
V 


A.C. CHARACTERISTICS 
8085AH, 
8085AH-2: 
TA = O°C to 70°C, Vcc = 5V ± 10%, Vss = OV· 


8085AH-1: 
TA = O°C to 70°C, Vcc = 5V ±5%, 
Vss = OV 


Symbol 
Parameter 
8085AH(2) 
8085AH.2 
(2) 
8085AH.1 
(2) 
Units 
Mln 
Max 
Mln 
Max 
Mln 
Max 


tCYC 
ClK 
Cycle Period 
320 
2000 
200 
2000 
167 
2000 
ns 


t1 
ClK 
low 
Time (Standard 
ClK 
loading) 
80 
40 
20 
ns 


t2 
ClK 
High Time (Standard 
ClK 
loading) 
120 
70 
50 
ns 


tr, tf 
ClK 
Rise and Fall Time 
30 
30 
30 
ns 


tXKR 
X1 Rising to ClK 
Rising 
20 
120 
20 
100 
20 
100 
ns 


tXKF 
X1 Rising to ClK 
Falling 
20 
150 
20 
110 
20 
110 
ns 


tAC 
AS-15 Valid to leading 
Edge of Control (1) 
270 
115 
70 
ns 


tACl 
AO-7 Valid to leading 
Edge of Control 
240 
115 
60 
ns 


tAD 
AO-15 Valid to Valid Data In 
575 
350 
225 
ns 


tAFR 
Address 
Float after leading 
Edge of 
0 
0 
0 
ns 
READ (INTA) 


tAL 
AS-15 Valid before Trailing Edge of ALE (1) 
115 
50 
25 
ns 


·NOTE: 
For Extended Temperature EXPRESS use MS085AH Electricals Parameters. 
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Symbol 
Parameter 
8085AH 
(2) 
8085AH.2 
(2) 
8085AH-1 
(2) 
Units 
Mln 
Max 
Mln 
Max 
Mln 
Max 


tAll 
An-7 Valid before Trailing Edge of ALE 
90 
50 
25 
ns 


tARY 
READY Valid from Address Valid 
220 
100 
40 
ns 


teA 
Address (Aa-15) Valid after Control 
120 
60 
30 
ns 


tec 
Width of Control Low (RD, WR, INTA) 
400 
230 
150 
ns 
Edge of ALE 


tel 
Trailing Edge of Control to Leading Edge 
50 
25 
0 
ns 
of ALE 


tow 
Data Valid to Trialing Edge of WRITE 
420 
230 
140 
ns 


tHABE 
HLDA to Bus Enable 
210 
150 
150 
ns 


tHABF 
Bus Float after HLDA 
210 
150 
150 
ns 


tHACK 
HLDA Valid to Trailing Edge of CLK 
110 
40 
0 
ns 


tHOH 
HOLD Hold Time 
0 
0 
0 
ns 


tHOS 
HOLD Setup Time to Trailing Edge of CLK 
170 
120 
120 
ns 


tlNH 
INTR Hold Time 
0 
0 
0 
ns 


tiNS 
INTR, RST, and TRAP Setup Time to 
160 
150 
150 
ns 
Falling Edge of CLK 


tLA 
Address Hold Time after ALE 
100 
50 
20 
ns 


tlC 
Trailing Edge of ALE to Leading Edge 
130 
60 
25 
ns 
of Control 


tlCK 
ALE Low During CLK High 
100 
50 
15 
ns 


tLDR 
ALE to Valid Data during Read 
460 
270 
175 
ns 


tLDW 
ALE to Valid Data during Write 
200 
140 
110 
ns 


tll 
ALE Width 
140 
80 
50 
ns 


tlRY 
ALE to READY Stable 
110 
30 
10 
ns 


tRAE 
Trailing Edge of READ to Re-Enabling 
150 
90 
50 
ns 
of Address 


tRO 
READ (or INTA) to Valid Data 
300 
150 
75 
ns 


tRY 
Control Trailing Edge to Leading Edge 
400 
220 
160 
ns 
of Next Control 


tROH 
Data Hold Time after READ INTA 
0 
0 
0 
ns 


tRYH 
READY Hold Time 
0 
0 
5 
ns 


tRYS 
READY Setup Time to Leading Edge 
110 
100 
100 
ns 


ofCLK 


two 
Data Valid after Trailing Edge of WRITE 
100 
60 
30 
ns 


tWOl 
LEADING Edge of WRITE to Data Valid 
40 
20 
30 
ns 


NOTES: 
1. Ae-A15 address Specs apply IOlM",So, and Sl except Ae-A15 are undefinedduringT4- T6 of OF cycle whereas 101M, 
SO.and Sl are stable. 
2. Test Conditions: 
tevc = 320 ns (8085AH)/200 
ns (8085AH-2);/167 
ns (B085AH-l); CL = 150 pF. 
3. For all outputtiming whereC * 150.pFusethe followingcorrectionfactors: 


25 pF ~ CL < 150 pF: -0.10 ns/pF 
150 pF < CL ~ 300 pF: +0.30 ns/pF 
4. Output timings are measuredwith purelycapacitiveload. 
5. To calculate timing specificationsat other values of tevc use Table 5. 
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DEVICE 
UNDER 
TEST 
2.0=>( 
)C 


2.0 
2.0 


0.1 ~ 
TEST POINTS<0.1 


0.'5 
---------. 
ICl = 1SOpF 
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A.C. Testing: Inputs are driven at 2.4V lor a Logic "1" and 0.45V 
lor a Logic "0". Timing measurements are made at 2.0V lor a 
Logic "1" and 0.8V lor a Logic "0". 


Symbol 
8085AH 
8085AH·2 
8085AH-1 


tAL 
(1/2)T 
- 
45 
(1/2)T 
- 
50 
(1/2)T 
- 
58 
Minimum 


tLA 
(1/2)T 
- 
60 
(1/2)T 
- 
50 
(1/2)T 
- 
63 
Minimum 


tll 
(1/2)T 
- 
20 
(1/2)T 
- 
20 
(1/2)T 
- 
33 
Minimum 


tlCK 
(1/2)T 
- 
60 
(1/2)T 
- 
50 
(1/2)T 
- 
68 
Minimum 


tlC 
(1/2)T - 
30 
(1/2)T 
- 
40 
(1/2)T 
- 
58 
Minimum 


tAD 
(5/2 + N)T - 
225 
(5/2 + N)T - 
150 
(5/2 + N)T - 
192 
Maximum 


tRD 
(3/2 + N)T - 
180 
(3/2 + N)T - 
150 
(3/2 + N)T - 
175 
Maximum 


tRAE 
(1/2)T 
- 
10 
(1/2)T-10 
(1/2)T 
- 
33 
Minimum 


teA 
(1/2)T 
- 
40 
(1/2)T - 
40 
(1/2)T 
- 
53 
Minimum 


tow 
(3/2 + N)T - 
60 
(3/2 + N)T - 
70 
(3/2 + N)T - 
110 
Minimum 


two 
(1/2)T 
- 
60 
(1/2)T - 
40 
(1/2)T 
- 
53 
Minimum 


tec 
(3/2 + N)T - 
80 
(3/2 + N)T - 
70 
(3/2 + N)T - 
100 
Minimum 


tCl 
(1/2)T 
- 
110 
(1/2)T 
- 
75 
(1/2)T 
- 
83 
Minimum 


tARY 
(3/2)T 
- 
260 
(3/2)T 
- 
200 
(3/2)T 
- 
210 
Maximum 


tHACK 
(1/2)T 
- 
50 
(1/2)T 
- 
60 
(1/2)T 
- 
83 
Minimum 


tHABF 
(1/2)T + 50 
(1/2)T + 50 
(1/2)T + 67 
Maximum 


tHABE 
(1/2)T + 50 
(1/2)T + 50 
(1/2)T + 67 
Maximum 


tAC 
(2/2)T 
- 
50 
(2/2)T 
- 
85 
(2/2)T 
- 
97 
Minimum 


t1 
(1/2)T 
- 
80 
(1/2)T 
- 
60 
(1/2)T 
- 
63 
Minimum 


t2 
(1/2)T 
- 
40 
(1/2)T 
- 
30 
(1/2)T 
- 
33 
Minimum 


tRY 
(3/2)T 
- 
80 
(3/2)T 
- 
80 
(3/2)T 
- 
90 
Minimum 


tLDR 
(4/2 + N)T - 
180 
(4/2)T - 
130 
(4/2)T 
- 
159 
Maximum 


NOTE: 
N is equal to the total WAIT 
states. 
T = tevc. 


T, 
I 
T, 
I 
TJ 
I 
T, 


elK \ 
/ 


tle._~ , 
\ 
/ 
\ 
J 


l 
CA 
_ 


._---._-_._ .. 


_- 
-~._- 
.tRO- 
_ 
_ 
--'ee 


I 


' __ 
~J 


I'__I 


I 
T, 
T2 
TWA1T 
T, 
T, 


elK 
/ 
\ 
\ 
\ 
\ 
-- 


tlet< -I 
-teA- 


Ae·A,5 
). 
ADDRESS 


tAO 
4rtAAE- 
- 
tAOH . - 


Ao.,-Ao. 
). 
ADDRESS 
'// 
11111) 
DATA 
IN 
'Il.. 


i 
-tll- 
_tlA_ 


tAFA 
_ - 
_'cL_1 


ALE 
tLOA 
1 


;- 
'AL . 
1- 


tAO 
- 
tec 
I 


ROIINTA 
I 
_tlC 
Ii.. 
1 
I---- ~tLAY 
--'---- 
fAC_ 


I· 
tAAY 
• 
I 
fAYS 
tRYH 
•• 1 
tAYS 
tAYH 
--- ..•. 


READY 
I 
I 
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NOTE: 
1. Ready 
must remain 
stable 
during 
setup and hold times. 


intJ 


°NOTE: 
101M is also floating 
during this time. 


Mnemonic 
Instruction Code 
Operations 
07 06 Os Dc 03 02 01 Do 
Description 


MOVE, LOAD AND STORE 


MOVr1 r2 
0 
1 
D 
D 
D 
S 
S 
S 
Move register 
to register 


MOVM.r 
0 
1 
1 
1 
0 
S 
S 
S 
Move register 
to memory 


MOVr.M 
0 
1 
D 
D 
D 
1 
1 
0 
Move memory 


to register 


MVlr 
0 
0 
D 
D 
D 
1 
1 
0 
Move immediate 


register 


MVIM 
0 
0 
1 
1 
0 
1 
1 
0 
Move immediate 
memory 


LXIB 
0 
0 
0 
0 
0 
0 
0 
1 
Load immediate 


register 
Pair B & C 


LXID 
0 
0 
0 
1 
0 
0 
0 
1 
Load immediate 
register 
Pair D & E 


LXIH 
0 
0 
1 
0 
0 
0 
0 
1 
Load immediate 
register 
Pair H & L 


STAXB 
0 
0 
0 
0 
0 
0 
1 
0 
Store A indirect 


STAXD 
0 
0 
0 
1 
0 
0 
1 
0 
Store A indirect 


LDAXB 
0 
0 
1 
0 
1 
0 
1 
0 
Load A indirect 


LDAXD 
0 
0 
0 
1 
1 
0 
1 
0 
Load A indirect 


STA 
0 
0 
1 
1 
0 
0 
1 
0 
Store A direct 


LDA 
0 
0 
1 
1 
1 
0 
1 
0 
Load A direct 


SHLD 
0 
0 
1 
0 
0 
0 
1 
0 
Store H & L direct 


LHLD 
0 
0 
1 
0 
1 
0 
1 
0 
Load H & L direct 


XCHG 
1 
1 
1 
0 
1 
0 
1 
1 
Exchange 
D & E, 
H & L Registers 


STACKOPS 


PUSHB 
1 
1 
0 
0 
0 
1 
0 
1 
Push register 
Pair 


B & Con 
stack 


PUSHD 
1 
1 
0 
1 
0 
1 
0 
1 
Push register 
Pair 
D& 
Eon 
stack 


PUSH H 
1 
1 
1 
0 
0 
1 
0 
1 
Push register 
Pair 
H & Lon 
stack 


PUSH 
1 
1 
1 
1 
0 
1 
0 
1 
Push A and Flags 
PSW 
on stack 


POPB 
1 
1 
0 
0 
0 
0 
0 
1 
Pop register 
Pair 
B & C off stack 


POPD 
1 
1 
0 
1 
0 
0 
0 
1 
Pop register 
Pair 
D & E off stack 


POPH 
1 
1 
1 
0 
0 
0 
0 
1 
Pop register 
Pafr 
H & L off stack 


Mnemonic 
Instruction Code 
Operations 
07 06 Os Dc 03 02 01 Do 
Description 


STACK OPS (Continued) 


POPPSW 
1 
1 
1 
1 
0 
0 
0 
1 
Pop A and Flags 
off stack 


XTHL 
1 
1 
1 
0 
0 
0 
1 
1 
Exchange 
top of 


stack, H& 
L 


SPHL 
1 
1 
1 
1 
1 
0 
0 
1 
H& 
ltostack 
pointer 


LXISP 
0 
0 
1 
1 
0 
0 
0 
1 
Load immediate 


stack pointer 


INXSP 
0 
0 
1 
1 
0 
0 
1 
1 
Increment 
stack 


pointer 


DCXSP 
0 
0 
1 
1 
1 
0 
1 
1 
Decrement 
stack 


pointer 


JUMP 


JMP 
1 
1 
0 
0 
0 
0 
1 
1 Jump unconditional 


JC 
1 
1 
0 
1 
1 
0 
1 
0 Jump on carry 


JNC 
1 
1 
0 
1 
0 
0 
1 
0 Jump on no carry 


JZ 
1 
1 
0 
0 
1 
0 
1 
0 Jump on zero 


JNZ 
1 
1 
0 
0 
0 
0 
1 
0 Jump on no zero 


JP 
1 
1 
1 
1 
0 
0 
1 
0 Jump on positive 


JM 
1 
1 
1 
1 
1 
0 
1 
0 Jump on minus 


JPE 
1 
1 
1 
0 
1 
0 
1 
0 Jump on parity even 


JPO 
1 
1 
1 
0 
0 
0 
1 
0 Jump on parity odd 


PCHL 
1 
1 
1 
0 
1 
0 
0 
1 
H & L to program 
counter 


CALL 


CALL 
1 
1 
0 
0 
1 
1 
0 
1 Call unconditional 


CC 
1 
1 
0 
1 
1 
1 
0 
0 Call on carry 


CNC 
1 
1 
0 
1 
0 
1 
0 
0 Call on no carry 


CZ 
1 
1 
0 
0 
1 
1 
0 
0 Call on zero 


CNZ 
1 
1 
0 
0 
0 
1 
0 
0 Call on no zero 


CP 
1 
1 
1 
1 
0 
1 
0 
0 Call on positive 


CM 
1 
1 
1 
1 
1 
1 
0 
0 Call on minus 


CPE 
1 
1 
1 
0 
1 
1 
0 
0 Call on parity even 


CPO 
1 
1 
1 
0 
0 
1 
0 
0 Call on parity odd 


RETURN 


RET 
1 
1 
0 
0 
1 
0 
0 
1 
Return 


RC 
1 
1 
0 
1 
1 
0 
0 
0 Return on carry 


RNC 
1 
1 
0 
1 
0 
0 
0 
0 Return on no carry 


RZ 
1 
1 
0 
0 
1 
0 
0 
0 Return on zero 


inter 


Mnemonic 
Instruction Code 
Operations 
07 06 Os 04 03 02 01 Do 
Description 


RETURN (Continued) 


RNZ 
1 
1 
0 
0 
0 
0 
0 
0 Return on no zero 


RP 
1 
1 
1 
1 
0 
0 
0 
0 Return on positive 


RM 
1 
1 
1 
1 
1 
0 
0 
0 Return on minus 


RPE 
1 
1 
1 
0 
1 
0 
0 
0 Return on 
parity even 


RPO 
1 
1 
1 
0 
0 
0 
0 
0 Return on 
parity odd 


RESTART 


RST 
1 
1 
A 
A 
A 
1 
1 
1 Restart 


INPUT/OUTPUT 


IN 
1 
1 
0 
1 
1 
0 
1 
1 Input 


OUT 
1 
1 
0 
1 
0 
0 
1 
1 Output 


INCREMENT AND DECREMENT 


INRr 
0 
0 
ODD 
1 
0 
0 
Increment 
register 


DCRr 
0 
0 
ODD 
1 
0 
1 Decrement 
register 


INRM 
0 
0 
1 
1 
0 
1 
0 
0 
Increment 
memory 


DCRM 
0 
0 
1 
1 
0 
1 
0 
1 Decrement 
memory 


INXB 
0 
0 
0 
0 
0 
0 
1 
1 Increment 
B & C 
registers 


INXD 
0 
0 
0 
1 
0 
0 
1 
1 Increment 
0 & E 
registers 


INXH 
0 
0 
1 
0 
0 
0 
1 
1 Increment 
H & L 
registers 


DCXB 
0 
0 
0 
0 
1 
0 
1 
1 Decrement 
B & C 


DCXD 
0 
0 
0 
1 
1 
0 
1 
1 Decrement 
0 & E 


DCXH 
0 
0 
1 
0 
1 
0 
1 
1 Decrement 
H & L 


ADD 


ADDr 
1 
0 
0 
0 
0 
S 
S 
S Add register 
to A 


ADCr 
1 
0 
0 
0 
1 
S 
S 
S 
Add register to A 
with carry 


ADDM 
1 
0 
C 
0 
0 
1 
1 
0 Add memory to A 


ADCM 
1 
0 
0 
0 
1 
1 
1 
0 Add memory to A 
with carry 


ADI 
1 
1 
0 
0 
0 
1 
1 
0 Add immediate 
to A 


ACI 
1 
1 
0 
0 
1 
1 
1 
0 Add immediate 
to A 
with carry 


DADB 
0 
0 
0 
0 
1 
0 
0 
1 AddB&CtoH&L 


Mnemonic 
Instruction Code 
Operations 
0706 Os04 03 02 01 Do 
Description 


ADD (Continued) 


DADO 
0 
0 
0 
1 
1 0 
0 
1 AddD&EtoH&L 


DADH. 
0 
0 
1 0 
1 0 
0 
1 AddH&LtoH&L 


DADSP 
0 
0 
1 
1 
1 0 
0 
1 Add stack pointer 


toH&L 


SUBTRACT 


SUBr 
1 0 
0 
1 0 
S 
S 
S Subtract 
register 


from A 


SBBr 
1 0 
0 
1 
1 
S 
S 
S Subtract 
register 
from A with borrow 


SUBM 
1 0 
0 
1 0 
1 
1 o Subtract 
memory 
from A 


SBBM 
1 0 
0 
1 
1 
1 
1 o Subtract 
memory 
from A with borrow 


SUI 
1 
1 0 
1 0 
1 
1 o Subtract 
immediate 
from A 


SBI 
1 
1 0 
1 
1 
1 
1 o Subtract 
immediate 
from A with borrow 


LOGICAL 


ANAr 
1 0 
1 0 
0 
S 
S 
S And register 
with A 


XRAr 
1 0 
1 
0 
1 
S 
S 
S Exclusive 
OR 
register 
with A 


ORAr 
1 
0 
1 
1 
0 
S 
S 
S OR register 
with A 


CMPr 
1 
0 
1 
1 
1 
S 
S 
S Compare 
register 
with A 


ANAM 
1 
0 
1 
0 
0 
1 
1 o And memory 
with A 


XRAM 
1 0 
1 
0 
1 
1 
1 o Exclusive 
OR memo!)' 
with A 


ORAM 
1 0 
1 
1 0 
1 
1 o OR memory 
with A 


CMPM 
1 0 
1 
1 
1 
1 
1 o Compare 
memory 
with A 


ANI 
1 
1 
1 
0 
0 
1 
1 o And immediate 
with A 


XRI 
1 
1 
1 0 
1 
1 
1 o Exclusive 
OR 


. 
immediate 
with A 


ORI 
1 
1 
1 
1 0 
1 
1 o OR immediate 
with A 


CPt 
1 
1 
1 
1 
1 
1 
1 o Compare 
immediate 
with A 


inter 


Mnemonic 
Instruction 
Code 
Operations 
07 06 Os 04 03 02 01 DO 
Description 


ROTATE 


RLC 
0 
0 
0 
0 
0 
1 
1 
1 Rotate A left 


RRC 
0 
0 
0 
0 
1 
1 
1 
1 Rotate A right 


RAL 
0 
0 
0 
1 
0 
1 
1 
1 Rotate A left 
through carry 


RAR 
0 
0 
0 
1 
1 
1 
1 
1 Rotate A right 
through carry 


SPECIALS 


CMA 
0 
0 
1 
0 
1 
1 
1 
1 Complement A 


STC 
0 
0 
1 
1 
0 
1 
1 
1 Set carry 


CMC 
0 
0 
1 
1 
1 
1 
1 
1 Complement carry 
OM 
0 
0 
1 
0 
0 
1 
1 
1 Decimal adjust A 


Instruction 
Code 
Operations 
Mnemonic 07 06 Os 04 03 02 01 Do 
Description 


CONTROL 


EI 
1 
1 
1 
1 
1 
0 
1 
1 Enable Interrupts 


01 
1 
1 
1 
1 
0 
0 
1 
1 Disable Interrupt 


NOP 
0 
0 
0 
0 
0 
0 
0 
0 No-operation 


HLT 
0 
1 
1 
1 
0 
1 
1 
0 Halt 


NEW 8085AH INSTRUCTIONS 


RIM 
0 
0 
1 
0 
0 
0 
0 
0 Read Interrupt 
Mask 


SIM 
0 
0 
1 
1 
0 
0 
0 
0 Set Interrupt Mask 


NOTES: 
1. DDS or SSS: B 000, COOl, 0010, 
EOll, H 100, L101, Memory 110, A 111. 


2. Two possible cycle times (6/12) indicate instruction cycles dependent on condition flags. 
•All mnemonics copyrighted @Intel Corporation 1976. 
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8155H/8156H/8155H-2/8156H-2 
2048-BIT STATIC HMOS RAM 
WITH I/O PORTS AND TIMER 


• 
Single +5V Power Supply with 10% 
Voltage Margins 


• 
30% Lower Power Consumption 
than 
the 8155 and 8156 


• 
256 Word x 8 Bits 
• 
Completely Static Operation 


• 
Internal Address Latch 


• 
2 Programmable 8-Bit 110 Ports 


• 
1 Programmable 6-Bit 1/0 Port 


• 
Programmable 
14-Bit Binary Counter 1 
Timer 


• 
Compatible with 8085AH and 8088 CPU 


• 
Multiplexed Address and Data Bus 


• 
Available in EXPRESS 
- 
Standard Temperature 
Range 
- 
Extended Temperature 
Range 


The Intel<K>8155H and 8156H are RAM and I/O chips implemented 
in N-Channel, 
depletion 
load, silicon gate 
technology 
(HMOS), 
to be used 
in the 
8085AH 
and 
8088 
microprocessor 
systems. 
The 
RAM 
portion 
is 
designed 
with 2048 static cells organized 
as 256 x 8. They have a maximum 
access 
time of 400 ns to permit 
use with no wait states in 8085AH 
CPU. The 8155H-2 
and 8156H-2 
have maximum 
access times of 330 ns for 
use with the 8085H-2 
and the 5 MHz 8088 CPU. 


The I/O portion 
consists 
of three general 
purpose 
I/O ports. One of the three ports can be programmed 
to be 
status 
pins, thus allowing 
the other two ports to operate 
in handshake 
mode. 


A 14-bit programmable 
counter/timer 
is also included 
on chip to provide 
either 
a square 
wave 
or terminal 
count 
pulse for the CPU system 
depending 
on timer mode. 
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pc] 
vcc 


101M 
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TIMER 
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PC, 


RESET 
PC. 
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256 X S 
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STATIC 
TIMER OUT 
PB. 


RAM 
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101M 
PB. 
• 
CE OR CEo 
a 
PB. 
P80-, 
AD 
PB] 


ALE 
ViR 
PB, 


RD 
ALE 
PB, 
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AD. 
PBo 


WR 
AD, 
PA, 


PCo-s 
AD, 
PAs 


RESET 
TIMER 
AD] 
PAs 


AD. 
PAc 


AD. 
PAl 


TIMER 
ClK 
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TIMER 
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231719-1 
vss 
PAc, 


'S155H/S155H-2 
~ CE, S156H/S156H-2 
= CE 
231719-2 
Figure 
1. Block 
Diagram 
Figure 
2. Pin Configuration 
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Symbol 
Type 
Name and Function 


RESET 
I 
RESET: Pulse provided 
by the 8085AH 
to initialize the system (connect 
to 
8085AH 
RESET OUT). Input high on this line resets the chip and initializes 
the 
three I/O ports to input mode. The width of RESET pulse should typically 
be 
two 8085AH 
clock cycle times. 


ADo-7 
I/O 
ADDRESS/DATA: 
3-state Address/Data 
lines that interface 
with the CPU 
lower 8-bit Address/Data 
Bus. The 8-bit address is latched into the address 
latch inside the 8155H/ 56H on the falling edge of ALE. The address c~ 
be 
either for the memory section 
or the I/O section depending 
on the 10/M input. 


The 8-bit data is either written into the chip or read from the chip, depending 
on the WR or RD input signal. 


CEorCE 
I 
CHIP ENABLE: 
On the 8155H, this pin is CE and is ACTIVE 
LOW. On the 
8156H, this pin is CE and is ACTIVE HIGH. 


RD 
I 
READ CONTROL: 
Input low on this line with the Chip Enable active enables 
and ADo-7 
buffers. 
If 10/M pin is low, the RAM content 
will be read out to the 
AD bus. Otherwise 
the content 
of the selected 
I/O port or command/status 
registers will be read to the AD bus. 


WR 
I 
WRITE CONTROL: 
Input low on this line with the Chip Enable active causes 
the data on the Address/Data 
bus to be written to the RAM or I/O ports and 
command/status 
register, depending 
on 10/M. 


ALE 
I 
ADDRESS 
LATCH 
ENABLE: 
This control 
signal latches !:!9th the address on 
the ADo-7 
lines and the state of the Chip Enable and 10/M into the chip at the 
falling edge of ALE. 


10/M 
I 
I/O MEMORY: 
Selects 
memory if low and I/O and command/status 
registers 
if high. 


PAO-7 (8) 
I/O 
PORT A: These 8 pins are general purpose 
I/O pins. The in/out 
direction 
is 
selected 
by programming 
the command 
register. 


PBO-7 (8) 
I/O 
PORT B: These 8 pins are general purpose 
I/O pins. The in/out 
direction 
is 
selected 
by programming 
the command 
register. 


PCo-s (6) 
I/O 
PORT C: These 6 pins can function 
as either input port, output port, or as 
control 
signals for PA and PB. Programming 
is done through the command 
register. When PCo-s are used as control 
signals, they will provide the 
following: 
PCo-A 
INTR (Port A Interrupt) 
PC1-ABF 
(Port A Buffer Full) 
PC~A 
STB (Port A Strobe) 
PC3-B 
INTR (Port B Interrupt) 
PC4-B 
BF (Port B Buffer Full) 
PCs-B 
STB (Port B Strobe) 


TIMER IN 
I 
TIMER 
INPUT: Input to the timer-counter. 


TIMER OUT 
0 
TIMER OUTPUT: 
This output can be either a square wave or a pulse, 
depending 
on the timer mode. 


Vcc 
VOLTAGE: 
+5V 
supply. 


Vss 
GROUND: 
Ground reference. 


, 
. 


inter 


The 8155H/8156H contains the following: 


• 2K Bit Static RAM organized as 256 x 8 
• Two 8-bit I/O ports (PA & PB) and one 6-bit I/O 
port (PC) 


• 14-bit timer-counter 


The 10/M (IO/Memory Select) pin selects either the 
five registers (Command, Status, PAO-7' PBO-7' 
PCo-s) or the memory (RAM) portion. 


The 8-bit address on the Address/Data lines, Chip 
Enable input CE or CE, and 10/M are all latched on- 
chip at the falling edge of ALE. 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
IL 
_ 


I 
I 
I 
I 
I 
I 
I 
II 
I 
I 
_________ 
.J 


NOTE: 
For detailed 
timing 
information, 
see Figure 
12 and A.C. Characteristics. 
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PROGRAMMING 
OF THE COMMAND 
REGISTER 


The command register consists of eight latches. 
Four bits (O-3) define the mode of the ports, two bits 
(4-5) enable or disable the interrupt from port C 
when it acts as control port, and the last two bits 
(6-7) are for the timer. 


The command register contents can be altered at 
any time by using the I/O address XXXXXOOO 
during 
a WRITE operation with the Chip Enable active and 
10/M" = 1. The meaning of each bit of the command 
byte is defined in Figure 5. The contents of the com- 
mand register may never be read. 


The status register consists of seven latches, one 
for each bit; six (O-5) for the status of the ports and 
one (6) for the status of the timer. 


The status of the timer and the I/O section can be 
polled by reading the Status Register (Address 
XXXXXOOO). 
Status word format is shown in Figure 


6. Note that you may never write to the status regis- 
ter since the command register shares the same I/O 
address and the command register is selected when 
a write to that address is issued. 


ENABLE 
PORT A 
INTERRUPT 


ENABLE 
PORT 
B 
INTERRUPT 
} 


1 - ENABLE 


O· 
DISABLE 


00· 
NOP - 
DO NOT AFFECT 
COUNTER 
OPERATION 


01 • 
STOP - 
NOP If 
TIMER 
HAS NOT STARTED; 


STOP COUNTING 
If 
THE 
TIMER 
IS 
RUNNING 


10· 
STOP AFTER 
TC - 
STOP IMMEDIATELY 
TIMER 
COMMAND 
AFTER 
PRESENT TC IS REACHED 
(NOP 


IF TIMER 
HAS NOT STARlEDI 


11 •. Sf ART 
- 
LOAD 
MODE 
AND 
CNY 
LENGTH 
AND 
START 
IMMEDIATELY 
AFTER 
lOADING 
(IF TIMER 
IS NOT 
PRESENfl 
Y 
RUNNINGj. 
If 
TIMER 
IS RUNNING, 
STAAT 
THE 
NEW MODE 
AND 
CNY 
LENGTH 
IMMEOIATEL 
Y AFTER 
PRESENT 
TC 
IS REACHED. 


PORT A INTERRUPT REQUEST 


~ 


PORT A BUFFER fULL/EMPTY 
(lNPUT/OUTPUTI 


PORT A INTERRUPT 
ENABLE 


PORT B INTERRUPT 
REOUEST 


TIMER INTERRUPT 
{THIS BIT 
IS lATCHED 
HIGH WHEN 
TERMINAL 
COUNT IS 
REACHED, AND IS RESET TO 
lOW UPON READING OF THE 
CIS REGISTER AND BY 
HARDWARE RESEll. 


The I/O section of the 8155H/8156H consists of 
five registers: (see Figure 7.) 
• Command/Status 
Register (C/S)-Both 
regis- 
ters are assigned the address XXXXXOOO.The 
CIS address serves the dual purpose. 
When the CIS 
registers are selected during 
WRITE operation, a command is written into the 
command register. The contents of this register 
are not accessible through the pins. 
When the CIS (XXXXXOOO)is selected during a 
READ operation, the status information of the I/O 
ports and the timer becomes available on the 
ADo-7 lines. 
• PA Register-This 
register can be programmed 
to be either input or output ports depending on 
the status of the contents of the CIS Register. 
Also depending on the command, this port can 
operate in either the basic mode or the strobed 
mode (see timing diagram). The I/O pins as- 
signed in relation to this register are PAO-7.The 
address of this register is XXXXX001. 


• PB Register-This 
register functions the same 
as PA Register. The I/O 
pins assigned are 
PBO-7.The address of this register is XXXXX010. 
• PC Register-This 
register has the address 
XXXXX011 and contains only 6 bits. The 6 bits 
can be programmed to be either input ports, out- 
put ports or as control signals for PA and PB by 
properly programming the AD2 and AD3 bits of 
the CIS register. 
When PCO-5is used as a control port, 3 bits are 
assigned for Port A and 3 for Port B. The first bit 
is an interrupt that the 8155H sends out. The sec- 


ond is an output signal indicating whether the 
buffer is full or empty, and the third is an input pin 
to accept a strobe for the strobed input mode. 
(See Table 2.) 


When the 'C' port is programmed to either ALT3 or 
ALT4, the control signals for PA and PB are initial- 
ized as follows: 


Control 
Input Mode 
Output Mode 


BF 
Low 
Low 
INTR 
Low 
High 
STB 
Input Control 
Input Control 


110Addresst 
Selection 
A7 A6 AS A4 A3 A2 A1 AO 


X 
X 
X 
X 
X 
0 
0 
0 
Interval Command/Status 
Register 


X 
X 
X 
X 
X 
0 
0 
1 General Purpose I/O Port A 


X 
X 
X 
X 
X 
0 
1 
0 
General Purpose I/O Port B 


X 
X 
X 
X 
X 
0 
1 
1 Port G-General 
Purpose 
I/O or Control 


X 
X 
X 
X 
X 
1 
0 
0 
Low-Qrder 8 bits of Timer 
Count 


X 
X 
X 
X 
X 
1 
0 
1 High 6 bits of Timer Count 
and 2 bits of Timer Mode 


X: Don't Care. 
t: I/O Address must be qualified by CE = 1 (8156H) or CE 
= 0 (8155H) and 10/M = 1 in order to select the appropri· 
ate register. 
Figure 7. I/O Port and Timer Addressing SCheme 


Figure 8 shows how I/O PORTS A and B are struc- 
tured within the 8155H and 8156H: 


NOTES: 
] 
(1) Output Mode 
Multiplexer 
(2) Simple Input 
Control 
(4) = 1 for Output Mode 
(3) Strobed Input 
= 0 for Input Mode 


READ Port = (IO/M = 1). (RD = 0) • (CE Active) • (Port Address Selected) 
WRITE Port = (IO/M = 1) • (WR = 0) • (CE Active) • (Port Address Selected) 


inter 


Pin 
ALT1 
ALT2 
ALT3 
ALT4 
PCO 
Input Port 
Output Port 
A INTR (Port A Interrupt) 
A INTR (Port A Interrupt) 
PC1 
Input Port 
Output Port 
A BF (Port A Buffer Full) 
A BF (Port A Buffer Full) 
PC2 
Input Port 
Output Port 
A STB (Port A Strobe) 
A STB (Port A Strobe) 
PC3 
Input Port 
Output Port 
Output Port 
B INTR (Port B Interrupt) 
PC4 
Input Port 
Output Port 
Output Port 
B BF (Port B Buffer Full) 
PC5 
Input Port 
Output Port 
Output Port 
B STB (Port B Strobe) 


Note in the diagram that when the 1/0 ports are pro- 
grammed to be output ports, the contents of the out- 
put ports can still be read by a READ operation 
when appropriately addressed. 


The outputs of the 8155H/8156H are "glitch-free" 
meaning that you can write a "1" to a bit position 
that was previously "1" and the level at the output 
pin will not change. 


Note also that the output latch is cleared when the 
port enters the input mode. The output latch cannot 
be loaded by writing to the port if the port is in the 
input mode. The result is that each time a port mode 
is changed from input to output, the output pin will 
go low. When the 8155H/56H is RESET, the output 
latches are all cleared and all 3 ports enter the input 
mode. 


When in the ALT 1 or ALT 2 modes, the bits of 
PORT C are structured like the diagram above in the 
simple input or output mode, respectively. 


Reading from an input port with nothing connected 
to the pins will provide unpredictable results. 


Figure 9 shows how the 8155H/8156H 
I/O ports 
might be configured in a typical MCS~-85 system. 


TO 8085AH 
RST INPUT 


PORT 
A 
OUTPUT 
) PORT A 


A INTR (SIGNALS DATA RECEIVED) 


---1 


A SF (SIGNALS DATA READY) 


A STB fACKNOWL. 
DATA 
RECEIVED) 
}=.~ 
PORT C 
B STB (lOADS 
PORT 
B LATCH) 
PERIPHERAL 


8 SF (SIGNALS BUFFER IS FUll) 
INTERFACE 


B INTR 
'SIGNALS 
BUFFER 
T 


READV 
FOR 
READING' I 


PORT 
B 
INPUT 
TO INPUT PORT (OPTIONAL) 


TO 8085AH 
RST INPUT 
231719-8 


Figure 9. Example: 
Command RegIster = 00111001 


The time is a 14-bit down-counter that counts the 
TIMER IN pulses and provides either a square wave 
or pulse when terminal count (TC) is reached. 


The timer has the 1/0 address XXXXX100 for the 
low order byte of the register and the 1/0 address 
XXXXX101 for the high order byte of the register. 
(See Figure 7.) 


To program the timer, the COUNT LENGTH REG is 
loaded first, one byte at a time, by selecting the tim- 
er addresses. Bits 0-13 of the high order count reg- 
ister will specify the length of the next count and bits 
14-15 of the high order register will specify the timer 
output mode (see Figure 10). The value loaded into 
the count length register can have any value from 
2H through 3FFFH in Bits 0-13. 


76543210 


L--,----J 
! 
I 


TIMER MODE 
MSB OF CHT 
LENGTH 


76543210 


1 
, 


lSS OF C~T LENGTH 


There are four modes to choose from: M2 and M1 
define the timer mode, as shown in Figure 11. 


MODE 
BITS 


M2 
M, 
o 


START 
TERMINAL 
(TERMINAL) 


COUNT 
COUNT 
COUNT 


+ 
+ 
+ 
~----------- 


3. SINGLE 
PULSE 
ON 
TERMINAL 
COUNT 


intJ 


Bits 6-7 (TM2 and TM1) of command register con- 
tents are used to start and stop the counter. There 
are four commands to choose from: 


TM2 
TM1 


o 
0 


o 
1 


Nap-Do 
not affect counter 
operation. 


STOP-Nap 
if timer has not started; 
stop 
counting 
if the timer is running. 
STOP AFTER 
TC-Stop 
immediately 
after 


present 
TC is reached 
(Nap 
if timer 
has 
not started) 


START-Load 
mode and CNT length 
and 
start 
immediately 
after 
loading 
(if timer 
is 


not presently 
running). 
If timer 
is running, 


start 
the 
new 
mode 
and CNT 
length 
im- 
mediately 
after present 
TC is reached. 


Note that while the counter is counting, you may 
load a new count and mode into the count length 
registers. Before the new count and mode will be 
used by the counter, you must issue a START com- 
mand to the counter. This applies even though you 
":lay only want to change the count and use the pre- 


VIOUS mode. 


In case of an odd-numbered count, the first half-cy- 
cle of the squarewave output, which is high, is one 
count longer than the second (low) half-cycle, as 
shown in Figure 12. 


NOTE: 
5 and 4 refer to the number 
of clocks 
in that time peri- 


od. 


Figure 12. Asymmetrical 
Square-Wave 
Output 
Resulting 
from Count of 9 


The counter in the 8155H is not initialized to any 
particular mode or count when hardware RESET oc- 
curs, but RESET does stop the counting. Therefore, 
counting cannot begin following 
RESET until a 


START command is issued via the CIS register. 


Please note that the timer circuit on the 8155HI 
8156H chip is designed to be a square-wave timer, 
not an event counter. To achieve this, it counts 
down by twos twice in completing one cycle. Thus, 
its registers do not contain values directly represent- 
ing the number of TIMER IN pulses received. You 
cannot load an initial value of 1 into the count regis- 
ter and cause the timer to operate, as its terminal 
count value is 10 (binary) or 2 (decimal). (For the 
detection of single pulses, it is suggested that one of 
the hardware interrupt pins on the 8085AH be used.) 
After the timer has started counting down, the val- 
ues residing in the count registers can be used to 
calculate the actual number of TIMER IN pulses re- 
quired to complete the timer cycle if desired. To ob- 
tain the remaining count, perform the following oper- 
ations in order: 
1. Stop the count 
2. Read in the 16-bit value from the count length 


registers 
3. Reset the upper two mode bits 
4. Reset the carry and rotate right one position all 16 


bits through carry 
5. If carry is set, add % of the full original count (% 


full count-1 
if full count is odd). 


NOTE: 
If you started with an odd count and you read the 
count length register before the third count pulse 
occurs, you will not be able to discern whether one 
or two counts has occurred. Regardless of this, the 
8155H/56H always counts out the right number of 
pulses in generating the TIMER OUT waveforms. 


8085AH 
MINIMUM 
SYSTEM 
CONFIGURATION 
• 2K Bytes EPROM 


• 38 I/O Pins 
• 1 Interval Timer 
• 4 Interrupt Levels 
Figure 13a shows a minimum system using three 
chips, containing: 


• 256 Bytes RAM 
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Figure 
13b shows 
a five chip system 
containing: 


• 
1.25K Bytes RAM 


• 
2K Bytes EPROM 


• 
38 I/O Pins 


• 
1 Interval 
Timer 


• 
2 Interrupt 
Levels 
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•Notice: Stresses above those listed under 'i4bso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Temperature 
Under Bias 
O·C to + 70·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage 
on Any Pin 
with Respect 
to Ground 
- 0.5V to + 7V 


Power Dissipation 
1.5W 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vee+0.5 
V 


VOL 
Output Low Voltage 
0.45 
V 
IOL = 2mA 


VOH 
Output 
High Voltage 
2.4 
V 
IOH = -400p.A 


IlL 
Input Leakage 
±10 
p.A 
OV,.;; VIN";; Vee 


ILO 
Output 
Leakage Current 
±10 
p.A 
0.45V 
,.;;VOUT ,.;;Vee 


Ice 
Vee Supply Current 
125 
mA 


IlL (CE) 
Chip Enable Leakage 
8155H 
+100 
p.A 
OV,.;; VIN";; Vee 


8156H 
-100 
,."A 


Symbol 
Parameter 
8155H/8156H 
8155H-2/8156H-2 
Units 


Mln 
Max 
Mln 
Max 


tAL 
Address to Latch Setup Time 
50 
30 
ns 


tLA 
Address 
Hold Time after Latch 
80 
30 
ns 


tLe 
Latch to READ/WRITE 
Control 
100 
40 
ns 


tAD 
Valid Data Out Delay from READ Control 
170 
140 
ns 


tLD 
Latch to Data Out Valid 
350 
270 
ns 


tAD 
Address 
Stable to Data Out Valid 
400 
330 
ns 


tLL 
Latch Enable Width 
100 
70 
ns 


tADF 
Data Bus Float after READ 
0 
100 
0 
80 
ns 


teL 
READIWRITE 
Control to Latch Enable 
20 
10 
ns 


teLL 
WRITE Control to Latch Enable for CIS Register 
125 
125 
ns 


tee 
READ/WRITE 
Control Width 
250 
200 
ns 


tDw 
Data In to WRITE Setup Time 
150 
100 
ns 


tWD 
Data In Hold Time after WRITE 
25 
25 
ns 


tAV 
Recovery 
Time between 
Controls 
300 
200 
ns 


twP 
WRITE to Port Output 
400 
300 
ns 


Symbol 
Parameter 
8155H/8156H 
8155H·2/8156H·2 
Units 
Mln 
Max 
Mln 
Max 


tpR 
Port Input Setup Time 
70 
50 
ns 


tRP 
Port Input Hold Time 
50 
10 
ns 


tSBF 
Strobe to Buffer Full 
400 
300 
ns 


tss 
Strobe Width 
200 
150 
ns 


tRBE 
READ to Buffer Empty 
400 
300 
ns 


tSI 
Strobe to INTR On 
400 
300 
ns 


tRDI 
READ to INTR Off 
400 
300 
ns 


tpss 
Port Setup Time to Strobe 
50 
0 
ns 


tpHS 
Port Hold Time After Strobe 
120 
100 
ns 


tSBE 
Strobe to Buffer Empty 
400 
300 
ns 


tWBF 
WRITE to Buffer Full 
400 
300 
ns 


tWI 
WRITE to INTR Off 
400 
300 
ns 


tTl 
TIMER-IN 
to TIMER-OUT 
Low 
400 
300 
ns 


tTH 
TIMER-IN 
to TIMER-OUT 
High 
400 
300 
ns 


tRDE 
Data Bus Enable from READ Control 
10 
10 
ns 


t1 
TIMER-IN 
Low Time 
80 
40 
ns 


t2 
TIMER-IN 
High Time 
120 
70 
ns 


tWT 
WRITE to TIMER-IN 
360 
200 
ns 
(for writes which start counting) 


2.•=x2.0 
2'0)C 


0.1> TEST POINTS< 0.1 
0.• 5 
- 
. 


DEVICE 
UNDER 
TEST 


231719-14 
A.C. testing: inputs are driven at 2.4V for a logic "1" and 0.45V for 
a logic "0". Timing measurements are made at 2.0V for a logic 
"1" and O.BVfor a logic "0". 


ICL = 150pF 
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NOTE: 
1. The timer output 
is periodic 
if in an automatic 
reload 
mode (MI Mode bit = 1). 
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8185/8185-2 
1024 x 8-BIT STATIC RAM FOR MCS®-85 


• 
Multiplexed 
Address and Data Bus 


• 
Directly Compatible with 8085AH and 
8088 Microprocessors 


• 
Low Operating Power Dissipation 


• 
Low Standby Power Dissipation 


• 
Single +5V Supply 
• 
High Density 18·Pln Package 


The Intel 8185 is an 8192·bit 
static random access 
memory 
(RAM) organized 
as 1024 words by 8-bits using N- 
channel 
Silicon-Gate 
MOS technology. 
The multiplexed 
address 
and data bus allows 
the 8185 to interface 
directly 
to the 8085AH 
and 8088 microprocessors 
to provide 
a maximum 
level of system 
integration. 


The 8185-2 
is a high-speed 
selected 
version 
of the 8185 that is compatible 
with the 5 MHz 8085AH-2 
and the 
5 MHz 8088. 


ADO 
Vcc 


AD, 
RD 


AD2 
WR 


AD3 
ALE 


AD4 
CS 


ADs 
CE, 


AD6 
CE2 


AD, 
Ag 


Vss 
Ae 


231450-2 
Figure 
2. Pin Configuration 


DATA- 
IIUFRII 


ADo-AD] 
Aa,Ag 
CS 
CE1 
CE2 
ALE 
WR 


Pin Names 


Address/Data 
Lines 
Address 
Lines 
Chip Select 
Chip Enable (IO/M) 
Chip Enable 
Address 
Latch Enable 
Write Enable 


The 8185 has been designed to provide for direct 
interface to the multiplexed bus structure and bus 
timing of the 8085A microprocessor. 


At the beginning of an 8185 memory access cycle, 
the 8-bit address on ADO-7' As and Ag, and the 
status of CEl and CE2 are all latched internally in 
the 8185 by the falling edge of ALE. If the latched 
status of both CEl and CE2 are active, the 8185 
powers itself up, but no action occurs until the CS 
line goes low and the appropriate RD or WR control 
signal input is activated. 


The CS input is not latched by the 8185 in order to 
allow the maximum amount of time for address de- 
coding in selecting the 8185 chip. Maximum power 
consumption savings will occur, however, only when 
CE1 and CE2 are activated selectively to power 
down the 8185 when it is not in use. A possible con- 
nection would be to wire the 8085A's 10/M line to 
the 8185's CEl 
input, thereby keeping the 8185 
powered down during I/O and interrupt cycles. 


Table 1.Truth Table for 
Power Down and Function Enable 


CEl 
CE2 
CS 
(CS')(2) 
8185 Status 


1 
X 
X 
0 
Power Down and 
Function Disable(l) 


X 
0 
X 
0 
Power Down and 
Function Disable(l) 


0 
1 
1 
0 
Powered Up and 
Function Disable(l) 


0 
1 
0 
1 
Powered Up and 
Enabled 


NOTES: 
X = Don't Care. 
1: Function Disable implies Data Bus in high impedance 
state and not writing. 
2: CS' = (GEl = 0) X (CE2 = 1) x (CS = 0). 
CS' 
1 signifies all chip enables and chip select ac- 
tive. 


Table 2. Truth Table for 
Control and Data Bus Pin Status 


(CS') RD WR ADo_7 During Data 8185 Function 
Portion of Cycle 


0 
X 
X 
Hi-Impedance 
No Function 


1 
0 
1 
Data from Memory 
Read 


1 
1 
0 
Data to Memory 
Write 


1 
1 
1 
Hi-Impedance 
Reading, but not 
Driving Data Bus 
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4 Chips: 


2K Sytes 
EPROM 


1.25K 
Bytes 
RAM 
38110 Lines 


1 CounterlTimer 
2 Serial 
110 Lin..••s 


5 Interrupt 
Inputs 


• 
1.25K Bytes RAM 


• 
2K Bytes EPROM 


• 38 I/O Pins 


• 
1 Internal 
Timer 


• 
2 Interrupt 
Levels 
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•Notice: Stresses above those listed under '~bso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Temperature 
Under Bias 
O°C to + 70°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage 
on Any Pin 
with Respect 
to Ground 
- 0.5V to + 7V 
Power Dissipation 
1.5W 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


Vil 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc+0.5 
V 


VOL 
Output Low Voltage 
0.45 
V 
IOL = 2mA 


VOH 
Output High Voltage 
2.4 
IOH = -400 
p.A 


III 
Input Leakage 
±10 
p.A 
OV,.;: VIN";: Vcc 


ILa 
Output 
Leakage Current 
±10 
p.A 
0.45V 
,.;:VOUT ,.;:VCC 


Icc 
Vcc Supply Current 
100 
mA 
Powered 
Up 


Powered 
Down 
35 
mA 


Symbol 
Parameter 
8185 
8185-2 


Mln 
Max 
Mln 
Max 
Units 


tAL 
Address 
to Latch Set Up Time 
50 
30 
ns 


tLA 
Address 
Hold Time After Latch 
80 
30 
ns 


tlC 
Latch to READ/WRITE 
Control 
100 
40 
ns 


tRD 
Valid Data Out Delay from READ Control 
170 
140 
ns 


tLD 
ALE to Data Out Valid 
300 
200 
ns 


tll 
Latch Enable Width 
100 
70 
ns 


tRDF 
Data Bus F,oat After READ 
0 
100 
0 
80 
ns 


tCl 
READ/WRITE 
Control to Latch Enable 
20 
10 
ns 


tec 
READ/WRITE 
Control Width 
250 
200 
ns 


tDW 
Data In to WRITE Set Up Time 
150 
150 
ns 


tWD 
Data In Hold Time After WRITE 
20 
20 
ns 


tsc 
Chip Select Set Up to Control 
Line 
10 
10 
ns 


tes 
Chip Select Hold Time After Control 
10 
10 
ns 


tAlCE 
Chip Enable Set Up to ALE Falling 
30 
10 
ns 


tLACE 
Chip Enable Hold Time After ALE 
50 
30 
ns 


inter 
8185/8185·2 


::,=X>~nro,_<X= 


231450-5 


A.C. Testing: Inputs Are Driven at 2,.4V for a Logic "1" and 
0.45V for a Logic "0." Timing Measurements Are Made at 
2.0V for a Logic "1" and 0.8V for a Logic "0." 


DEVICE 
UNDER. 


TEST 
ICL = 150pF 


8224 
CLOCK GENERATOR AND DRIVER 
FOR 8080A CPU 


• 
Single Chip Clock Generator/Driver 
for 
8080A CPU 


• 
Power-Up 
Reset for CPU 


• 
Ready 
Synchronizing 
Flip-Flop 


• 
Advanced 
Status Strobe 


• 
Oscillator 
Output 
for External 
System 
Timing 


• 
Crystal 
Controlled 
for Stable 
System 
Operation 


• 
Reduces 
System 
Package 
Count 


• 
Available 
in EXPRESS 
- 
Standard 
Temperature 
Range 


• 
Available 
In 16-Lead 
Cerdlp 
Package 


(See Packaging Spec, Order #231369) 


The Intel 8224 is a single chip clock generator/driver 
for the 8080A CPU. It is controlled 
by a crystal, 
selected 
by the designer 
to meet a variety 
of system 
speed 
requirements. 


The 8224 provides 
the designer 
with a significant 
reduction 
of packages 
used to generate 
clocks 
and timing 
for 8080A. 
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", 
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Figure 1. Block Diagram 
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RESIN 
Reset Input 


RESET 
Reset Output 


RDYIN 
Ready Input 


READY 
Ready Output 


SYNC 
Sync Input 


SfS'fB 
StatusSTB 
(Active low) 
~ 
} 8080 


4>2 
Clocks 


XlAl1 
} Connections 


XTAl2 
for Crystal 


TANK 
Used with Overtone Xl Al 


OSC 
Oscillator Output 


4>2 (TIl) 
4>2 ClK (TIl 
level) 


vCC 
+SV 


Voo 
+12V 


GND 
OV 


intJ 


"Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Temperature 
Under Bias 
O°C to + 70°C 


Storage Temperature 
- 65°C to + 150°C 


Supply Voltage, 
Vee 
-0.5V 
to + 7V 


Supply Voltage, 
Voo 
-0.5V 
to + 13.5V 


Input Voltage 
-1.5V 
to + 7V 


Output Current 
100 mA 


D.C. CHARACTERISTICS 
TA = O°C to + 70°C, lice 
= 
+5.0V 
±5%, 
Voo = 
+ 12V ±5% 


Symbol 
Parameter 
limits 
Units 
Test Conditions 
Min 
Typ 
Max 


IF 
Input Current 
Loading 
-0.25 
mA 
VF = 0.45V 


IA 
Input Leakage Current 
10 
,."A 
VA = 5.25V 


Ve 
Input Forward Clamp Voltage 
1.0 
V 
Ie = -5mA 


VIL 
Input "Low" 
Voltage 
0.8 
V 
Vee = 5.0V 


VIH 
Input "High" 
Voltage 
2.6 
V 
Reset Input 


2.0 
V 
All Other Inputs 


VIH-VIL 
RESIN Input Hysteresis 
0.25 
V 
Vee = 5.0V 


VOL 
Output "Low" 
Voltage 
0.45 
V 
«/>1. 
<1>2), Ready, Reset, STSTB 


'OL = 2.5 mA 


0.45 
V 
All Other Outputs 
IOL = 15 mA 


VOH 
Output 
"High" 
Voltage 


<1>1, <1>2 
9.4 
V 
IOH = -100,."A 


READY,RESET 
3.6 
V 
IOH = -100,."A 


All Other Outputs 
2.4 
V 
IOH = -1 
mA 


Ice 
Power Supply Current 
115 
mA 


100 
Power Supply Current 
12 
mA 


NOTE: 
1. For crystal 
frequencies 
of 18 
MHz 
connect 
5100 
resistors 
between 
the X1 
input and ground 
as well as the X2 
input and 
ground 
to prevent 
oscillation 
at harmonic 
frequencies. 


Tolerance: 
0.005% 
at 0°C-70°C 


Resonance: 
Series 
(Fundamental)" 


Load Capacitance: 
20 pF-35 
pF 


Equivalent 
Resistance: 
75!l-20!l 


"NOTE: 
With tank circuit 
use 3rd overtone 
mode. 
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Limits 
Test 
Symbol 
Parameter 
Units 
Conditions 
Mln 
Typ 
Max 


t<j>1 
q,1 Pulse Width 
2tcy 
- 
- 
20ns 
9 


t<j>2 
q,2 Pulse Width 
5tcy 
r 


- 
- 
35ns 
9 


t01 
q,1 to q,2 Delay 
0 


t02 
q,2 to q,1 Delay 
2tcy 
ns 
CL = 20 pF to 50 pF 
- 
-14ns 
9 
. 


t03 
q,1 to q,2 Delay 
2tcy 
2tcy 
- 
+ 20ns 
9 
9 


tR 
q,1 and q,2 Rise Time 
20 


tF 
q,1 and q,2 Fall Time 
20 


to<j>2 
q,2 to q,2 (TTL) Delay 
-5 
+15 
ns 
q,2 TTL, CL = 30 
R1 = 300n. 
R2 = 600n. 


toss 
q,zto STSTB Delay 
6tcy 
6tcy 
- 
- 
30ns 
ns 
9 
9 


tpw 
STSTB Pulse Width 
tcy 
STSTB, CL = 
15 pF 
- 
- 
15 ns 
9 
R1 = 2K 


RDYIN Setup Time to 
4tcy 
R2 = 4K 
tORS 
50ns 
-- 
ns 
Status Strobe 
9 


tORH 
RDYIN Hold Time 
4tcy 


afterSTSTB 
9 


tOR 
RDYIN or RESIN to 
4tcy 
Ready & Reset 
- 
- 
25ns 
q,2 Delay 
9 
CL=10pF 
ns 
R1 = 2K 
R2 = 4K 


tCLK 
CLK Period 
tcy 
ns 
9 


fmax 
Maximum 
Oscillating 
27 
MHz 
Frequency 


Cin 
Input Capacitance 
8 
pF 
VCC = 
+5.0V 
Voo = 
+12V 
VSIAS = 2.5V 
f = 1 MHz 


NOTE: 
These formulas are based on the internal workings of the part and intended for customer convenience. Actual testing of the 
part is done at tcy = 488..28 ns. 


inter 


A.C. CHARACTERISTICS 
(Continued) 
For tev = 488.28 
ns; TA = O°C to 70°C, Vee = 
+ 5V ± 5%, VOO = 
+ 12V ± 5% 


Symbol 
Parameter 
Limits 
Units 
Test Conditions 
Mln 
Typ 
Max 


tc/>1 
4>1Pulse Width 
89 
ns - 
tev = 488.28 ns 


tet>2 
4>2Pulse Width 
236 
ns 


t01 
Delay 4>1to 4>2 
0 
ns 


t02 
Delay 4>2to 4>1 
95 
ns 
4>1& 4>2Loaded to 


t03 
Delay 4>1to 4>2Leading Edges 
109 
129 
ns 
CL = 20 pF to 50 pF 


tr 
Output 
Rise Time 
20 
ns 


tf 
Output Fall Time 
20 
ns - 


toss 
4>2to STSTB Delay 
296 
326 
ns 


tOet>2 
4>2to 4>2(TIL) 
Delay 
-5 
+15 
ns 


tpw 
Status Strobe Pulse Width 
40 
ns 
Ready & Reset Loaded 


tORS 
RDYIN Setup Time to STSTB 
-167 
ns 
to 2 mA/10 
pF 
All measurements 
tORH 
RDYIN Hold Time after STSTB 
217 
ns 
referenced 
to 1.5V 


tOR 
READY or RESET 
192 
ns 
unless specified 


to 4>2Delay 
otherwise. 


fMAX 
Oscillator 
Frequency 
18.432 
MHz 


A.C. TESTING, 
INPUT, 
OUTPUT 
WAVEFORM 


2.4:=>\ 
x= 


2.0 
2.0 


0.' >TEST POINTS< 0.' 


0.45 
---------- 


DEVICE 
UNDER 
TEST 


A.C. Testing: Inputs are driven at 2.4V for a logic "1" and 0,45V 
for a logic "0". Timing measurements are made at 2.0V for a 
logic "1" and O.BVfor a logic "0" (unless otherwise noted). 


18MHz 0 


Xl 
elK 
-r 
X2 


R, 
R2 


- 
- 


SYSTEM CONTROLLER AND BUS DRIVER 
FOR 8080A CPU 


• 
User Selected Single Level Interrupt 
Vector (RST 7) 


• 
Available in EXPRESS 
- 
Standard Temperature 
Range 


• 
Available in 28·Lead Cerdip and Plastic 
Packages 


(See Packaging Spec, Order # 231369) 


• 
Single Chip System Control for 
MCS@·80Systems 


• 
Bullt·ln Bidirectional 
Bus Driver for 
Data Bus Isolation 


• 
Allows the Use of Multiple Byte 
Instructions 
(e.g. CALL) for Interrupt 
Acknowledge 


• 
Reduces System Package Count 


The Intel@8228 is a single chip system controller and bus driver for MCS@-80.It generates all signals required 
to directly interface MCS-80 family RAM, ROM, and I/O components. 


A bidirectional bus driver is included to provide high system TIL fan-out. It also provides isolation of the 8080 
data bus from memory and I/O. This allows for the optimization of control signals, enabling the systems 
designer to use slower memory and I/O. The isolation of the bus driver also provides for enhanced system 
noise immunity. 


A user selected single level interrupt vector (RST 7) is provided to simplify real time, interrupt driven, small 
system requirements. The 8228 also generates the correct control signals to allow the use of multiple byte 
instructions (e.g., CALL) in response to an interrupt acknowledge by the 8080A. This feature permits large, 
interrupt driven systems to have an unlimited number of interrupt levels. 


The 8228 is designed to support a wide variety of system bus structures and also reduce system package 
count for cost effective, reliable design of MCS-80 systems. 


NOTE: 
The specifications for the 3228 are identical with those for the 8228. 
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lfIn 


231465-1 


07-00 
Data 
Bus 
(8080 
Side) 


DB7-CBO 
Data Bus (System Side) 


IIOR 
I/OAead 


11010 
I/OWnte 
lmlR 
Memory 
Read 
- 


MemofyWnte 


DBIN 
OBIN 
(from 8080) 


INTA 
Interrupt 
Acknowledge 


HLDA 
HLOA 
(from 
8080) 


I'/R 
WR 
(from 
80801 


llOSEFI 
Bus 
Enable 
Input 
= 
Status 
&robe 
(from 
822-4) 


Va: 
+IV 


oND 
o V"'" 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Temperature 
Under Bias 
O·C to + 70·C 


Storage Temperature 
- 65·C to + 150·C 


Supply Voltage. 
Vcc 
-0.5V 
to + 7V 


Input Voltage 
-1.5 
to + 7V 


Output Current 
100 mA 


Limits 
Symbol 
Parameter 
Unit 
Test Conditions 
Mln 
Typ(1) 
Max 


Vc 
Input Clamp Voltage, 
0.75 
-1.0 
V 
Vcc = 4.75V; Ic = -5 
mA 


All Input 


IF 
Input Load Current 
STSTB 
500 
p..A 
Vcc = 5.25V 


02 & 06 
750 
p..A 
VF = 0.45V 


00.01,04. 
250 
p..A 


Os & 07 


All Other Inputs 
250 
p..A 


IR 
Input Leakage Current 
STSTB 
100 
p..A 
Vcc = 5.25V 


OBo-OB7 
20 
p..A 
VR = 5.25V 


All Other Inputs 
100 
p..A 


VTH 
Input Threshold 
0.8 
2.0 
V 
Vcc = 5V 
Voltage. 
All Inputs 


Icc 
Power Supply Current 
140 
190 
mA 
Vcc = 5.25V 


VOL 
Output 
Low Voltage 
00-07 
0.45 
V 
Vcc = 4.75V; 10L = 2 mA 


All Other Outputs 
0.45 
V 
'OL = 10 mA 


VOH 
Output High Voltage 
00-07 
3.6 
3.8 
V 
Vcc = 4.75V; 10H = -10p..A 


All Other Outputs 
2.4 
V 
10H = -1 
mA 


los 
Short Circuit Current, All Outputs 
15 
90 
mA 
Vcc = 5V 


10 (off) 
Off State Output Current 
100 
p..A 
Vcc = 5.25V; Vo = 5.25V 


All Control Outputs 
-100 
p..A 
Vo = 0.45V 


liNT 
INTA Current 
5 
mA 
(See INTA Test Circuit) 


NOTE: 
1. Typical values are for TA = 2S·C and nominal supply voltages. 
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CAPACITANCE 
VSIAS = 2.5V, vcc 
= 5.0V, TA = 25°C, f = 1 MHz 
1. This parameter 
is periodically 
sampled 
and not 100% tested. 


Symbol 
Parameter 
Limits 
Unit 
Mln 
Typ(1) 
Max 


CIN 
Input Capacitance 
8 
12 
pF 


COUT 
Output Capacitance 
7 
15 
pF 
Control Signals 


I/O 
I/O Capacitance 
8 
15 
pF 
(0 or DB) 


Symbol 
Parameter 
Limits 
Unit 
Conditions 
Mln 
Max 


tpw 
Width of Status Strobe 
22 
ns 


tss 
Setup Time, Status Inputs 00-07 
8 
ns 


tSH 
Hold Time, Status Inputs 00-07 
5 
ns 


toe 
Delay from STSTB to any Control Signal 
20 
60 
ns 
CL = 100 pF 


tRR 
Delay from DBIN to Control Outputs 
30 
ns 
CL = 100 pF 


tRE 
Delay from DBIN to Enable/Disable 
8080 Bus 
45 
ns 
CL = 25 pF 


tRo 
Delay from System 
Bus to 8080 Bus during Read 
30 
ns 
CL = 25 pF 


tWR" 
Delay from WR to Control Outputs 
5 
45 
ns 
CL = 100 pF 


tWE 
Delay to Enable System Bus DBo-DB7 
after STSTB 
30 
ns 
CL = 100 pF 


two 
Delay from 8080 Bus 00-07 
to System Bus 
5 
40 
ns 
CL = 100 pF 
DBo-DB7 
during Write 


tE 
Delay from System Bus Enable to System Bus DBo-DB7 
30 
ns 
CL - 
100 pF 


tHO 
HLDA to Read Status Outputs 
25 
ns 


tos 
Setup Time, System 
Bus Inputs to HLDA 
10 
ns 


toH 
Hold Time, System Bus Inputs to HLDA 
20 
ns 
CL = 100 pF 


-r- Vcc 


R, 


DEVICE 
UNDER 


C 


LI 


TEST 


R, 


~ 
':' 


231465-3 
For 00-07; 
R, 
~ 
4 KO, R2 = 000, CL ~ 
25 pF. 


For all other outputs: 
R, 
~ 
5000, 
R2 = 1 KO, CL ~ 
100 pF. 


·1 
ITATUIITROBE 


DIIN 


INTA, lOR, MEMA 


HLDA 


INTA, lOR, MEMA 
DURINGHLDA 


t"IWD1======== 
--------- I:I- 
), F j'r 
---------------< 
>-------------- 


VOLTAGE MEASUREMENT POINTS: 00-07 
(when outputs) Logic "0" 


sured 
at 1.5V. 


• 
2048 Words x 8 Bits 


• 
Single +5V Power Supply (Vcd 
• 
Directly Compatible with 8085AH 


• 
U.V. Erasable and Electrically 
Reprogrammable 


• 
Internal Address Latch 


• 
2 General Purpose 8-Bit 110 Ports 


• 
Each 110 Port Line Individually 
Programmable as Input or Output 


• 
Multiplexed Address and Data Bus 


• 
40-Pln DIP 
• 
Available in EXPRESS 
- 
Standard Temperature 
Range 
- 
Extended Temperature 
Range 


The Intel 8755A is an erasable 
and electrically 
reprogrammable 
ROM (EPROM) 
and I/O chip to be used in the 
8085AH 
microprocessor 
systems. 
The EPROM portion is organized 
as 2048 words by 8 bits. It has a maximum 
access 
time of 450 ns to permit use with no wait states 
in an 8085AH 
CPU. 


The I/O portion consists 
of 2 general 
purpose 
I/O ports. Each I/O port has 8 port Jines, and each I/O port line 
is individually 
programmable 
as input or output. 
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Figure 2. Pin Configuration 
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Symbol 
Type 
Name and Function 


ALE 
I 
ADDRESS 
LATCH 
ENABLE: 
When Address 
Latch Enable goes high, ADO-I!.. 


10/~1, AS-l0, 
~ 
and CEl enter the address 
latches. The signals, (AD, 10/M, 


ADs-l0, 
CE2, CE1) are latched in at the trailing edge of ALE. 


ADo-7 
I 
BIDIRECTIONAL 
ADDRESS/DATA 
BUS: The lower 8 bits of the PROM or I/O 
address are applied to the bus lines when ALE is high. 
Du~ 
an I/O cycle, Port A or B is selected 
based on the latched value of ADo. 


IF RD or lOR is low when the latched Chip Enables are active, the output 
buffers present data on the bus. 


ADs-l0 
I 
ADDRESS 
BUS: These are the high order bits of the PROM address. 
They do 
not affect I/O operations. 


PROG/CEl 
I 
CHIP ENABLE 
INPUTS: CEl is active low and CE2 is active high. The 8755A 
CE2 
can be accessed 
only when both Chip Enables are active at the time the ALE 
signal latches them up. If either Chip Enable input~ot 
active, the ADo-7' 
and 
READY ouputs will be in a high impedance 
state. CEl is also used as a 
programming 
pin. (See section 
on programming.) 


10/M 
I 
I/O MEMORY: 
If the latched 
10/M is high when RD is low, the output data 
comes from an I/O port. If it is low the output data comes from the PROM. 


RD 
I 
READ: If the latched Chip Enables are active when RD goes low, the ADo-7 
output buffers are enabled 
and output either the selected 
PROM location 
or 
I/O port. When both RD and lOR are high, the ADo-7 output buffers are 3- 
stated. 


lOW 
I 
I/O WRITE: 
If the latched Chip Enables are active, a low on lOW causes the 
output port pointed to bt.!he 
latched value of ADo to be written with the data on 
ADo-7. The state of 10/M is ignored. 


CLK 
I 
CLOCK: 
The CLK is used to force the READY into its high impedance 
state 
after it has been forced low by CEl low, CE2 high, and ALE high. 


READY 
0 
READY 
is a 3-state output controlled 
by CE1, CE2, ALE and CLK. READY is 
forced low when the Chip Enables are active during the time ALE is high, and 
remains low until the rising edge of the next CLK. (See Figure 6c.) 


PAO-7 
I/O 
PORT A: These are general 
purpose 
I/O pins. Their input/output 
direction 
is 
determined 
by the contents 
of Data Direction 
Register 
(DDR). Port A is 
selected 
for write operations 
when the Chip Enables are active and lOW is low 
and a 0 was previously 
latched from ~ 
AD1. 
Read Operation 
is s~ected 
~ 
either lOR low and active Chip Enables and ADo 


and ADl 
low, or 10/M high, RD low, active Chip Enables, and ADo and ADl 
low. 


PBO-7 
I/O 
PORT B: The general purpose 
I/O port is identical to Port A except that it is 
selected 
by a 1 latched from ADo and a 0 from AD1. 


RESET 
I 
RESET: In normal operation, 
an input high on RESET causes all pins in Ports A 
and B to assume input mode (clear DDR register). 


IDA 
I 
I/O READ: When the Chip Enables are active, a low on lOR will output the 
selected 
I/O port onto the AD bus. lOR low performs 
the same function 
as the 
combination 
of 10lM 
high and RD low. When lOR is not used in a system, 
lOR 
should be tied to Vcc ("1 "). 


Vcc 
POWER: + 5V supply. 


Vss 
GROUND: 
Reference. 


Voo 
POWER SUPPLY: 
Voo is a programming 
voltage, 
and must be tied to Vcc 
when the 8755A is being read. 
For programming, 
a high voltage 
is supplied with Voo = 25V, typical. (See 
section on programming.) 


inter 


The 8755A contains an 8·bit address latch which 
allows it to 
interface directly to 
MCS@·48 and 
MCS@·85processors without additional hardware. 


The PROM section of the chip is addressed by the 
11·bit address and the Chip Enables. The address, 
CEl and CE2are latched into the address latches on 
the falling edge of ALE. If the latched Chip Enables 
are active and 10/M is low when RD goes low, the 
contents of the PROM location addressed by the 
latched address are put out on the ADo-7 lines (pro- 
vided that Voo is tied to Vccl. 


The I/O section of the chip is addressed by the 
latched value of ADo-l. 
Two 8-bit Data Direction 
Registers (DDR) in 8755A determine the input/out- 
put status of each pin in the corresponding ports. A 
"0" in a particular bit position of a DDR signifies that 
the corresponding I/O port bit is in the input mode. A 
"1" in a particular bit position signifies that the corre- 
sponding I/O port bit is in the output mode. In this 
manner the I/O ports of the 8755A are bit-by-bit pro- 
grammable as inputs or outputs. The table summa- 
rizes port and DDR designation. DDR's cannot be 
read. 


ADl 
ADo 
Selection 


0 
0 
PortA 
0 
1 
Port B 
1 
0 
Port A Data Direction Register (DDR A) 
1 
1 
Port B Data Direction Register (DDR B) 


When lOW goes low and the Chip Enables are ac- 
tive, the data on the ADo-7 is written into I/O port 
selected by the latched value of ADo-l. 
During this 
operation all I/O bits of the selected port are affect- 
ed, regardless of their I/O mode and the state of 10/ 
M. The actual output level does not change until 
lOW returns high. (Glitch free output.) 


A port can be read out when the latched Chip En· 
abies are active and either RD goes low with 10/M 
high, or lOR goes low. Both input and output mode 
bits of a selected port will appear on lines ADo-7. 


To clarify the function of the I/O Ports and Data Di- 
rection Registers, the following diagram shows the 
configuration of one bit of PORT A and DDR A. The 
same logic applies to PORT Band DDR B. 


~ 
READ 'A 
231735-3 
WRITE 
PA ~ 
(lOW 
~ 
0) • (CHIP ENABLES 
ACTIVE) 
• (PORT 
A 
ADDRESS 
SELECTED) 
WRITE 
DDR A ~ 
(lOW 
~ 
0) • (CHIP ENABLES 
ACTIVE) 
• (DDR 
A ADDRESS 
SELECTED) 
READ 
PA 
~ 
{(101M 
~ 
1) • (RD 
~ 
0) + (lOR 
= 0)1 • (CHIP 
ENABLES 
ACTIVE) 
• (PORT 
A ADDRESS 
SELECTED) 


NOTE: 
Write PA is not qualified 
by 101M. 


Note that hardware RESET or writing a zero to the 
DDR latch will cause the output latch's output buffer 
to be disabled, preventing the data in the Output 
Latch from being passed through to the pin. This is 
equivalent to putting the port in the input mode. Note 
also that the data can be written to the Output Latch 
even though the Output Buffer has been disabled. 
This enables a port to be initialized with a value prior 
to enabling the output. 


The diagram also shows that the contents of PORT 
A and PORT B can be read even when the ports are 
configured as outputs. 
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The erasure characteristics of the 8755A are such 
that erasure begins to occur when exposed to light 
with wavelengths shorter than approximately 4000 
Angstroms (A). It should be noted that sunlight and 
certain types of fluorescent lamps have wavelengths 
in the 3000-4000A range. Data show that constant 
exposure to room level fluorescent lighting could 
erase the typical 8755A in approximately 3 years 
while it would take approximately 1 week to cause 
erasure when exposed to direct sunlight. If the 
8755A is to be exposed to these types of lighting 
conditions for extended periods of time, opaque la- 
bels are available from Intel which should be placed 
over the 8755A window to prevent unintentional era- 
sure. 


The recommended erasure procedure for the 8755A 
is exposure to shortwave ultraviolet light which has a 
wavelength of 2537 Angstroms (A). The integrated 
dose (I.e., UV intensity x exposure time) for erasure 
should be a minimum of 15W-sec/cm2. The erasure 
time with this dosage is approximately 15 to 20 min- 
utes using an ultraviolet lamp with a 12000 IJoW/cm2 
power rating. The 8755A should be placed within 
one inch from the lamp tubes during erasure. Some 
lamps have a filter on their tubes and this filter 
should be removed before erasure. 


Initially, and after each erasure, all bits of the 
EPROM portions of the 8755A are in the "1" state. 
Information is introduced by selectively program- 
ming "0" 
into the desired bit locations. A pro- 
grammed "0" can only be changed to a "1" by UV 
erasure. 


The 8755A can be programmed on the Intel Univer- 
sal Programmer (iUP),and iUPF8744A programming 
module. 


The program mode itself consists of programming a 
single address at a time, giving a single 50 msec 
pulse for every address. Generally, it is desirable to 
have a verify cycle after a program cycle for the 
same address as shown in the attached timing dia- 
gram. In the verify 
cycle 
(I.e., normal 
memory 
read cycle) 'Voo' should be at + 5V. 


System Interface 
with 8085AH 


A system using the 8755A can use either one of the 
two I/O Interface techniques: 
• Standard I/O 
• Memory Mapped I/O 


If a standard I/O technique is used, the system can 
use the feature of both CE2 and CE1. By using a 
combination of unused address lines A11-15 and the 
Chip Enable inputs, the 8085AH system can use up 
to 5 8755A's without requiring a CE decoder. See 
Figure 4. 


If a memory mapped I/O approach is used the 
8755A will be selected by the combination of both 
the Chip Enables and 10/M using ADs-15 address 
lines. See Figure 3. 
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Figure 3. 8755A In 8085AH System 
(Memory-Mapped I/O) 
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NOTE: 
Use CEl for the first 8755A 
in the system, 
and CE2 for the other 8755A's. 
Permits 
up to 5-8755A's 
in a system 
without 
CE decoder. 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Temperature 
Under Bias 
O·C to + 70·C 


Storage 
Temperature 
- 65·C to + 150·C 


Voltage 
on any Pin 
with Respect 
to Ground 
'- 0.5V to + 7V 


Power Dissipation 
1.5W 


D.C. CHARACTERISTICS 
TA = O·C to 70·C, Vee = Voo = 5V ±5% 


Symbol 
Parameter 
Mln 
Max 
Unit 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 
Vee = 5.0V 


VIH 
Input High Voltage 
2.0 
Vee + 0.5 
V 
Vee = 5.0V 


VOL 
Output Low Voltage 
< 
0.45 
V 
IOL = 2 mA 


VOH 
Output Hig~ Voltage 
2.4 
V 
IOH = -400/loA 


IlL 
Input Leakage 
10 
/loA 
Vss 
::;;VIN ::;;Vee 


'LO 
Output 
Leakage Current 
±10 
/loA 
0.45V ::;;VOUT ::;;Vee 


Ice 
Vee Supply Current 
180 
mA 


100 
Voo Supply Current 
30 
mA 
Voo = Vee 


CIN 
Capacitance 
of Input Buffer 
10 
pF 
fe = 1/loHz 


CliO 
Capacitance 
of I/O Buffer 
15 
pF 
fe = 1/loHz 


D.C. CHARACTERISTICS-PROGRAMMING 
TA = O·C to 70·C, Vee = 5V ±5%, 
Vss = OV, Voo = 25V 
±1V 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 


Voo 
Programming 
Voltage 
(during Write to EPROM) 
24 
25 
26 
V 


100 
Prog Supply Current 
15 
30 
mA 


inter 


A.C. CHARACTERISTICS 
TA = O·C to 70·C, vcc 
= 5V ±5% 


I 
8755A 
Symbol 
Parameter 
Unit 


, 
Mln 
Max 


teyC 
Clock Cycle Time 
320 
ns 


T1 
ClK 
Pulse Width 
80 
ns 


T2 
ClK 
Pulse Width 
120 
ns 


tf, t,. 
ClK 
Rise and Fall Time 
30 
ns 


tAL 
Address 
to latch 
Set Up Time 
50 
ns 


tLA 
Address 
Hold Time after latch 
80 
ns 


tlC 
latch 
to READ/WRITE 
Control 
100 
ns 


tRD 
Valid Data Out Delay from READ Control' 
170 
ns 


tAD 
Address 
Stable to Data Out Valid" 
450 
ns 


tll 
latch 
Enable Width 
100 
ns 


tRDF 
Data Bus Float after READ 
0 
100 
ns 


tCl 
READ/WRITE 
Control to latch 
Enable 
20 
ns 


tec 
READ/WRITE 
Control Width 
250 
ns 


tDW 
Data in Write Set Up Time 
150 
ns 


tWD 
Data in Hold Time after WRITE 
30 
ns 


twP 
WRITE to Port Output 
400 
ns 


tpR 
Port Input Set Up Time 
50 
ns 


tRP 
Port Input Hold Time to Control 
50 
ns 


tRYH 
READY HOLD Time to Control 
0 
160 
ns 


tARY 
ADDRESS 
(CE) to READY 
160 
ns 


tRY 
Recovery 
Time between 
Controls 
300 
ns 


tRDE 
READ Control to Data Bus Enable 
10 
ns 


NOTES: 
CLOAD = 150 pF. 
·Or TAD - 
(TAL + T Lcl, whichever is greater. 
··Defines ALE to Data Out Valid in conjunction with TAL. 


A.C. CHARACTERISTICS-PROGRAMMING 
TA = O·C to 70·C, VCC = 5V ± 5%, VSS = OV, VDD = 25V 
± 1V 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 


tps 
Data Setup Time 
10 
ns 


tpD 
Data Hold Time 
0 
ns 


ts 
Prog Pulse Setup Time 
2 
p..s 


tH 
Prog Pulse Hold Time 
2 
p..s 


tpR 
Prog Pulse Rise Time 
0.01 
2 
p..s 


tpF 
Prog Pulse Fall Time 
0.01 
2 
p..s 


tpRG 
Prog Pulse Width 
45 
50 
ms 
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8243 Expander, 2-4 
8243 Port Characteristics, 2-5 


Accumulator, 
I-I 
Addressing Beyond 2K, 2-1 
Addressing External Data Memory, 2-4 
ALE, 1-17,2-9 
ALU, 1-1 
Arithmetic Logic Unit, 1-1 


Clock Circuits, 1-9 
Conditional Branches, 1-6 
Control Signals, 2-8 
Counter, 1-7 
Cycle Counter, 1-10 


E 


EA,I-15 
Erasing EPROM, 1-18 
Erasure Characteristics, 1-18 
Event Counter, 1-9 
Expansion of Data Memory, 2-3 
Expansion of I/O, 2-4 
Expansion of Program Memory, 2-1 
Extended Addressing, 2Jl 
External Access Mode, I-IS 
External Data Memory Addressing, 2-4 
External Instruction .Fetch, 2-1 


I/O Expander Device (8243), 2-4 
I/O Expansion, 2-4, 2-5 
I/O Port Characteristics, 2-5 
110 Port Restore, 2-2 
Instruction Decoder, I-I 
Instruction Fetch (External), 2-1 
INT, 1-17 
Interrupt, 
1-5, 1-7 
Interrupt Routines, 2-2 
Interrupt Timing, 1-7 


Memory Bank Switch, 2-1 
Memory Bank Switching, 2-8 
Memory Expansion, 2-5 
Multi-Chip Systems, 2-7 


Pin Description, 1-16 
Port I, 1-5, 1-17 
Port 2, 1-5, 2-9 
Port Characteristics, 2-9 
Power Down, 1-13 
PROG, 1-17,2-9 
Program Counter, 1-5 
Program Memory, I-I 
Program Status Word, 1-6 
Programming EPROM, 1-18 
PSEN,2-9 
PSW, 1-6 


R 


RD, 1-17, 2-9 
Read .Cycle, 2-3 
Reset, 1-10, 1-17 
Restoring I/O Ports, 2-2 


Single Step, I-ll, 
1-14 
Stack, 1-5 
State Counter, 1-10 
Sync Mode, 1-15 


Vcc. 1-17 
VDD, 1-17 
Verifying EPROM, 1-18 
Vss, 1-17 


T 


TO, 1-5, 1-17 
Tl, 1-5, 1-17 
Test Inputs, 1-5 
Timer, 1-7, 1-9 
Timing, 1-13 
Timing Circuits, 1-9 


W 


WR, 1-17,2-9 
Write Cycle, 2-3 


8 
8031AH, 5-2, 8-1 
8032AH, 5-2, 8-1 
8051, 5-1, 5-2, 8-1 
8051AH, 5-2, 8-1 
8051AHP, 8-28 
8052AH, 5-2, 8·1 
80C31BH, 5-2, 8-1 
80C51BH, 5-2, 5-3, 8-1 
80C51BHP, 8-28 
80C51FA, 5-2, 9-1 
80C51GA, 5-2, 10-1 
83C51FA, 5-2, 9-1 
83C51FB, 5-2, 9-1 
83C51GA, 5-2, 10-1 
8751BH,5-2 
8751H, 5-2, 8-1, 8-27 
8752BH, 5-2, 8-1, 8-27 
87C51, 5-2, 8-1, 8-27 
87C51FA, 5-2, 9-1 
87C51FB, 5-2, 9-1 
87C51GA, 5-2, 10-1 


A 
AC (Auxiliary Carry) Flag, 6-10, 8-4 
ACALL, 5-13, 6-27 
Accumulator, 8-3, 9-3 
ADCON, 10-1, 10-2 
AID Converter, 10-1 
ADD, 6-28, 6-38 
ADDC, 6-29, 6-38 
ADDRESS/DATA 
Bus, 6-5, 8-6 
Addressing 
Broadcast, 9-25 
Given, 9-25 
Addressing Modes, 5-7 
AJMP, 5-13, 6-31 
ALE, 5-16, 8-7 
ANL, 5-12, 6-31, 8-7 
Arithmetic Instructions, 5-7, 6-20 
ASM51,5-6 
Automatic Address Recognition, 9-25 


B 
B Register, 8-3, 9-4 
Baud Rate, 6-19, 8-13, 9-27 
BCD, 5-8, 5-10 
Bit Addressable, 6-5 
Boolean Instructions, 5-11, 5-12, 6-22 
Bus Cycle 
Data Memory, 5-16 
Program Memory, 5-16 
Byte Addressable, 6-7 


c 
C (Carry) Flag, 5-6, 5-12, 6-10, 8-4 
Capture Mode, 9-21 
Capture Registers, 8-3 
Case Jump, 5-7, 5-13 
Ceramic Resonator, 5-14, 8-29 
CHMOS Devices, 5-3, 8·6, 8·25, 8-30 
CJNE, 5·14, 6-34 
CLR, 5-12, 6-6, 6-36 
Compare Mode, 9-21 
Control Registers, 8-3 
CPL, 5·12, 6-37, 8-7 
CPU Timing, 5-14 
Crystal, 5·14, 8-28 


o 
DA A, 5-8, 6-3 
Data Memory, 5-4, 5-5, 5-11, 6-3, 8-7, 9-1 
Read Cycle, 8-32, 9-9 
Write Cycle, 8-33, 9-9 
Data Pointer, 8-3, 9-4 
Data Transfers, 5-9, 6-21 
DEC, 6-40, 8-7 
Direct Addressing, 5-7, 6-3, 6-5 
DIV AB, 5-8, 6-41, 8-23 
DJNZ, 5-14, 6-42, 8-7 


E 
EA (Enable All), 8-21, 8-22 
EA (External Access), 5-4, 8-7, 8-28, 9-10 
Encryption Array, 8-27, 9-37 
EPROM Programming, 8-27, 9-37 
EPROM Verifying, 8·27 
Execution Times, 5-7 
External Clock, 8-29, 8-30, 8-31 
External Program Execution, 5-4, 8-7, 9-8 


F 
Fetch/Execution 
Sequence, 5-15 
Framing Error Detection, 9-25 


H 
High Speed Output, 9-22 


I 
I/O ButTers,6-4, 8-5 
Idle Mode, 5-3, 6-10, 8-26, 9-35 
IE (Interrupt Enable), 5-17, 6-11, 8-3, 8-21, 9-30, 10-8 
Immediate Constants, 5-7 
INC, 6-43, 8-7 
Indexed Addressing, 5-7 
Indirect Addressing, 5-7, 6-3, 6-5 


I (Continued) 
Instruction Opcodes, 6-24 
Instruction Set, 5-6, 6-20 
Internal Timing, 8-31 
Interrupt Response Time, 8-23, 9-32, 9-33 
Interrupts, 5-4, 5-17, 6-11, 8-21, 9-4, 9-29, 10-7 
External, 6-11, 8-23, 9-30 
IP (Interrupt Priority), 5-17, 6-12, 8-3, 8·22, 9-30, 10-9 


J 
JB, 5-12, 6-45 
JBC, 5-12, 6-45, 8-7 
JC, 5-12, 6-46 
JMP, 5-13, 6-47 
JNB, 5-12, 6-48 
JNC, 5-12, 6-48 
JNZ, 5-14, 6-49 
Jump Instructions, 5-13, 6-22 
JZ, 5-14, 6-49 


L 
LCALL, 5-13, 6-50 
UMP, 
5-13, 6-50 
Lock Bits, 8-28, 9-37 
Logical Instructions, 5-9, 6-21 
Lookup Tables, 5-7, 5-11 


M 
Machine Cycle, 5-15 
Memory Organization, 5-3 
MOV, 5-12, 6-51, 8-7 
16-Bit, 5-10 
MOVC, 5-11, 6-56 
MOVX, 5-11, 5-16, 6-57 
MUL AB, 5-7, 6-59, 8-23 
Multiprocessor Communication, 8-12, 9-25 


N 
Ninth Data Bit, 8-12, 8-18 
NOP, 6-59 


o 
ONCE (On-Circuit Emulation) Mode, 8-28, 9-37 
ORL, 5-12, 6-60, 8-7 
Oscillator, 5-14, 8-24, 8-28, 9-37 
External, 5-15 
Oscillator Fail Detect, 10-4 
Oscillator Frequency, 8-13 
OV (Overflow) Flag, 6-10, 8-4 


p 
P (Parity) Flag, 5-7, 6-10, 8-4 
PCA Timer/Counter, 
9-17 
PCON, 6-10, 6-19, 8-3, 8-13, 8-26, 9-4, 9-36 
Polling Sequence, 5-17, 8-22 
POP, 5-9, 6-63 


P (Continued) 
Port Bit Latch, 8-4, 9-6 
Ports, 8-3, 8-4, 8-33, 9-4, 9-5, 10-3 
Power Down Mode, 5-3, 6-10, 8-26, 9-36 
Power Off Flag, 9-36 
Program Memory, 5-3, 5-4, 6-2, 8-7, 8-27, 8-32, 9-1 
Program Memory Locks, 8-27 
Programmable Counter Array (PCA), 9-4, 9-16 
PSEN, 5-4, 5-16, 8-7 
PSW (program Status Word), 5-6, 6-10, 8-3, 8-4, 9-4 
Pulse Width Modulator (PWM), 9-23 
PUSH, 5-9, 6-63 


Q 
Quick-Pulse Programmi~g Algorithm, 8-27 


R 
RD Signal, 5-4, 8-7 
Register Banks, 5-7, 6-5, 6-10, 8-4 
Register Instructions, 5-7 
Register-Specific Instructions, 5-7 
Relative Offset, 5-12 
Reset, 6-8, 8-24, 9-33 
Power-On, 8-25, 9-34 
RET, 5-13, 6-64, 8-23 
RETI, 5-13, 6-22, 6-64, 8-23 
RI (Receive Interrupt) Flag, 6-18, 8-13, 8-15, 8-18, 8-21 
RL,6-65 
RLC, 6-65 
ROM Protection, 8-28 
RR,6-66 
RRC,6-66 


S 
SBUF, 8-3, 8-11, 8-15 
SCON, 6-18, 8-3, 8-12, 8-13 
SEPCON, 10-5 
SEPSTA, 10-6 
Serial Expansion Port, 10-4 
Serial Port, 6-10, 6-12, 6-16, 6-18, 6-19, 8-11,9-4 
SETB, 5-12, 6-67, 8-7 
SFRs, 5-6, 6-5, 6-7, 8-1, 9-2 
Single-Step Operation, 8-24 
SJMP, 5-13, 6-68 
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